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XVLOCAINE® HC! SOLUTION ASTRA 


The Name That Marks a New Era in Local Anesthesia 


Xylocaine provides peak values in: 
e Duration « Clinical Effectiveness « Clinical Tolerance « Speed 


« Stability « Versatility « Clinical Predictability « Safety « Depth 


Trade Name; XYLOCAINE Generic Name: |idocaine” 


Chemical Name: « -Diethylaminoaceto-2,6-xylidide 

Chemical Structure: < 

Potency: Two to three times that of procaine. 


Duration of Action: Two to three times that of procaine. 

Anesthetic index: 1.8. Surface Anesthetic Index. 3. 
Sefety Factor: Two to three times that of procaine (because smaller 
concentrations and volumes are clinically as effective ). 

Sensitivity: Allergic manifestations and sensitizing reactions 

have never been reported. 

inhibition of Therapeutic Action of Sulfonamides or Antibiotics. None. 
Versatility: Effective in local infiltration anesthesia; in major conduction 
anesthesia; in temporary therapeutic blocks for relief of pain; 

in topical anesthesia. 

Available on Request: Descriptive literature, bibliography, and trial supply. 
Supplied: Vials, 0.5%, 1% and 2% in 20 cc. and 50 cc. without and 


with epinephrine 1: 100,000; 100 cc. vials, 1% without epinephrine. 
Ampoules, 2 cc. 2% without and with epinephrine 1: 100,000. 
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IN THORACIC 
SURGERY 
THORAZINE* 
PREMEDICATION 


“induces in the patient 


a detac hed serenity and 


calmness untroubled by 
mental or emotional 


excitement.”! 


‘Thorazine’ is available in ampuls, tab- 
lets and syrup (as the hydrochloride), 
and in suppositories (as the base). 


* TM. Reg. US. Pat. Off. for chlorpromazine, S.K.F. 
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ERY 


“THORAZINE’ 


allays anxiety 
the most important action by [‘Thorazine would appear to be its 
ability to allay anxiety and produce conscious inditterence to the patient's 


surroundings.’”? 


facilitates induction ind mamtenance ) 1a 

With ‘Thorazine’ preoperatively, “induction of veneral anaesthesia is 
facilitated by reducing anaesthetic requirements and eliminating reflexes 
stimulated by endotracheal intubation. Maintenance ot anaesthesia during 
surgical pneumothorax ts characterized by a very stable pulse rate and 
blood pressure, and by a greatly reduced incidence of cardio pulmonary 


reflexes due to hilar dissection and manipulation 


lessen umount of local 
When ‘Thorazine’ was added to the premedication of 49 thoracoplasties, 
“the amount of ‘Novocaine’ needed was 2.5—} times smaller than usual. The 
reduction in the dosage of ‘Novocaine’ had no effect on the extent or duration 
of anaesthesia and produc ed no subjex tive pain 

reduces postoperative distress and sutterins 

With ‘Thorazine’, “the patients were casily roused and the nursing stall 
were pleased with the degree of co-operation and lack of distress which 
voluntary movement and coughing produced Several patients, when 
asked if they felt pain, made such remarks as, ‘Oh yes! I've got a pain but 


it doesn't worry me!’ 


reduces incidence of shock 
“{*Thorazine’] reduces incidence of surgical shock and post-anaesthetx 
morbidity in a group of surgical patients among whom these occurrences 


are common.”! 


Dobkin, A.B., et al.; Chlorpromazine in Anaesthesia tor Surgical Treatment of Pul- 
monary Tuberculosis, Anaesthesia 10:428 (Oct.) 1955 

Boulton, T.B.: Oral Chlorpromazine Hydrochloride, A Clinical Trial in Thoracic 
Surgery, Anaesthesia 10:23} July 1955 

Elo, R., and Turunen, M.: Potentiation of Local Anesthesia by |Chiorpromazime| in 
Thoracoplasty, Ann. chir. et gynaec. Fenniae 44:10, 1955 


Smith, Kline & French Laboratories, Philadelphia I 
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The Best 
Ju Sales end Sewice 


DUNCAN OXYGEN THERAPY CO. 


has appointed the 
Ohio Chemical and Surgical Equipment Co. 


as their exclusive distributor of the 


DOTCO Deep Breather & DOTCO Respirator 


lf You Are Interested In Breathing Assistors, 
COMPARE THESE ADVANTAGES: 


% Breathing assistance by patient demand, effortless or automatic, as 
indicated by the patient's needs. 

%& Maximum comfort adjustment for every patient. 

% Assists breathing without reducing cardiac output or tiring the 
patient. 

¥% Always assists but never interferes with the patient's breathing. 

¥% Delivers a higher aerosol concentration than any other assistor. 

*% A combination |.P.P.B. unit, resuscitator, and respirator. 

% The breathing valve is durable, simple to service when necessary, 
and carries an unconditional guarantee. 

te THESE FEATURES ARE EXCLUSIVE WITH THE DOTCO DEEP 

BREATHER AND DOTCO RESPIRATOR. 


THE DOTCO DEEP BREATHER 
A compact, simplified unit for the home patient or general hospital use. Mouthpiece 
pressure is set and sealed by the technician. This prevents altering of pressure by 
unauthorized personnel 

Price $199.00 f.0.b. Madison, Wisconsin; complete with two-stage regulator and 
mouthpiece. 


THE DOTCO RESPIRATOR 


For use in the clinic, doctor's office, or hospital by experienced personnel. True 
mouthpiece pressure (negative and positive) registers on the gauge at all times 
This pressure con be conveniently altered from a peak of 6 cms. to 40 cms. water 
Price $235.00 f.0.b. Madison, Wisconsin; complete with two-stage regulator and 
mouthpiece. 

SEND YOUR INQUIRIES TO EITHER 


DUNCAN OXYGEN THERAPY CO. ox OHIO CHEMICAL & SURGICAL EQUIP. CO. 


DUNCAN, OKLAHOMA MADISON 10, WISCONSIN 
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t 
Wergh the quality of PAS 
in Tuberculosis q 


herapy 


Continuing laboratory and clinical re- 
search has resulted in increased PAS 
efficacy and more convenient methods 
of administration. 


a single, pre-weighed dose of 
neutral sodium para amino 
salicylate dihydrate packaged for 
individual administration. 


a pre-weighed package of 
neutral sodium PAS in a sealed 
polyethylene bag for quantity 
use in hospitals and sanatoria. 


PAS is an unstable drug. 
Hellwig was the first to 
voluntarily place an expiration 
date on all its PAS products. 


This protects the patient 
from unpleasant side effects COLOR STANDARD 


and the danger of reduced 
efhicacy often caused by lack of today all Hellwig PAS is manufactured 


freshness in the drug to a definite numerical color standard. 


For Purity, Freshness, Taste e) PAS 
Specify 


209 East Chestnut Street + Chicago 11, Illinois 


the first to use this method of 
producing neutral sodium PAS of 
greater purity and with a constant pH value. 
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well tolerated 
by 95% 
of TB patients 


(POTASSIUM AMINOBSALICYLATER, LILLY) 


Five out of six patients intolerant to other forms of 
PAS can take ‘Paskate’ without discomfort.* In ad- 
dition, ‘Paskate’ is the most soluble compound of 
PAS and produces average blood levels which are 
35 percent higher than those of sodium PAS. Also, 
‘Paskate’ has been shown to be safe, even in patients 
with mild renal insufficiency. 

Dosage is usually 12 Gm. daily in divided doses. 
Supplied as 0.5-Gm. pulvules in bottles of 250 and 
1,000. 


Would you like to have more information? Write for 
booklet A-2457. 


* Chernish, M., and Peck, F. B., Antibiotie Med, / 377, 1955. 


( ‘ y# ANNIVERSARY 1876 + 1956 / ELI LILLY AND COMPANY 
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For controlling cough 


ROMILAR IS AT LEAST AS EFFECTIVE AS CODEINE 


Milligram for milligram, 


Romilar is equal to codeine 


in specific 


antitussive effect 


For avoiding unwanted side effects 


ROMILAR 1S CLEARLY BETTER THAN CODEINE 


Non-narcotic, 


non-addicting — 


does not cause drowsiness, 


nausea, 


or constipation 


Hoffmann-La Roche inc+Nutley+N. J. 


Pomilar® Hydrobromide —brord o! destromethorphan hydrobromide 


Syrup, Tablets, Expectorant jw/NH 
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ERRATUM 


Derniére phrase du resumé de l'article de Miseall et coll. in volume 73, Juin, 
1956, page 837, lire: ‘Le risque d’infeetion intrapleurale, avec ou sans fistulisa 


tion, semble réduite et traitée plus facilement que lorsqu’il sagit d'un espace 


pleural largement ouvert 
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THE TREATMENT OF CARBON DIOXIDE NARCOSIS BY THE USE 
OF AN AUTOMATIC POSITIVE-NEGATIVE RESUSCITATOR 


H. O. SIEKER,’. J. B. HICKAM, ano W. W. PRYOR 
teceived for publication Mareh 14, 1956 


INTRODUCTION 


It is now well recognized that carbon dioxide narcosis can oecur im persons 
with disorders which greatly reduce alveolar ventilation (1-5). Severe carbon 
dioxide retention, manifested by coma, respiratory depression, and circulatory 
collapse, is frequentiy fatal. In general, the patients have pulmonary emphysema 
or diffuse pulmonary fibrosis with marked ventilatory impairment. With this 
background, acute ventilatory insufficiency usually develops when ventilation 
becomes mechanically more difficult, particularly as a result of respiratory in 
fections (6, 7) or when the respiratory center is depressed by anesthetic or seda 
tive drugs. Occasionally the patients lapse into coma without demonstrable 
precipitating cause 

The administration of high concentrations of oxygen by mask, nasal catheter, 
or tent to the chronically anoxic patient has been emphasized as a cause for 
carbon dioxide narcosis (1-3, 8, 9). In patients with chronic ventilatory im 
pairment, carbon dioxide loses most of its effectiveness as a respiratory stimulant 
and in high concentrations has a narcotic effect, particularly when the arterial 
carbon dioxide tension is 80 mm. of mercury or higher. Since an air-breathing 
person near sea level has approximately 150 mm. of mercury available in his 
alveoli for the partial pressures of oxygen and carbon dioxide together, these 
high alveolar tensions of carbon dioxide necessitate low alveolar oxygen ten 
sions. Because of this and the underly ing lung disease, the arterial blood oxygen 
ix low and most of the ventilatory drive is provided by the peripheral chemo 
receptors which respond to low arterial oxygen tensions. In this situation a 


' From the Department of Medicine, Duke University Sehool of Medicine, Durham’ 
North Carolina 
* This investigation was supported, in part, by a research grant (Public Health Service 
H-1370(C), National Heart Institute of the National Institutes of Health); in part, by 
Contract AF 33(616)-441 monitored by the Aero Medical Laboratory, Wright Patterson 
Air Force Base, Ohio; and, in part, by a grant from the Life Insurance Medical Research 
Fund 
Life Insurance Medical Research Fellow, 1954 1955 
Present address: Veterans Administration Hospital, Durham, North Carolina 
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further increase in arterial carbon dioxide tension stimulates respiration primarily 
by way of the attendant decrease in oxygen tension. Consequently, severe carbon 
dioxide narcosis does not usually develop during air breathing or, if it does de- 
velop, the patient is in danger primarily from associated oxygen deprivation. 
When oxygen is administered, as it often must be, the situation is changed. With 
a high arterial blood oxygen tension, the ventilatory effort may be markedly 
reduced, and the carbon dioxide tension rapidly reaches narcotic levels. The 
danger now arises from the depressant effects of high carbon dioxide tension 
and the resultant severe acidosis. 

The therapeutic effort in carbon dioxide narcosis is directed toward increasing 
alveolar ventilation and correcting the factors precipitating acute ventilatory 
insufficiency. The various measures used include bronchoscopic drainage, 
bronchodilator drugs, steroid therapy, and antimicrobial drugs (4, 5, 10). If 
congestive heart failure is present, the use of digitalis preparations, salt re 
striction, and diuretics may be important in the patient's management (11). 
In addition, particularly in comatose patients, the use of mechanical respirators 
has been advocated and reported to be moderately successful by some writers 
(12-14), while others have not found mechanical aids to breathing particularly 
useful (4, 5). It is the purpose of this report to describe the effective use of a 


simple automatic resuscitator in correeting hypercapnia in 5 patients with 


severe carbon dioxide narcosis 


Fic. 1. Seeler resuscitator attached to a face mask and a pressure source consisting of an 


oxygen tank and reducing valve. 
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RESUSCITATION IN CARBON DIOXIDE NARCOSIS 


METHODS 


The automatic resuscitator that was used is pictured in figure 1 and has been described 
elsewhere (15-17). It is a pneumatic balance-type of resuscitator which inflates the lungs 
until a predetermined positive inspiratory pressure is attained, At this point the resusci 
tator automatically cycles and deflates the lungs by a Venturi effect until a predetermined 
expiratory pressure, usually negative, is attained. The cycling pressures and rate of air 
flow can be varied over a wide range, allowing adaptation of the respirator to the needs of 
patients with different disorders. The resuscitator is actuated by the energy of the com 
pressed gas which it delivers to the patient. The gas is delivered by way of a tightly fitting 
face mask, often with the additional use of a tracheal airway 

In this study arterial blood oxy gen, pH and carbon dioxide tension were determined to 
establish the diagnosis and follow the patient's course. The arterial blood oxygen was 
measured by a photometric method (18); the pH, by a glass eleetrode pH meter; and blood 
carbon dioxide content, by the manometric method of Van Slyke and Neill (19). Blood 
carbon dioxide tensions were calculated from these data. Use of this method on blood 
samples equilibrated with known high carbon dioxide tensions indicates that caleulation of 
“indirect” Peo, is Satisfactory up to carbon dioxide tensions of at least 150 mm. of mer 


eury 


RESULTS 


The automatic resuscitator was used on 5 patients with severe carbon dioxide 


retention. The data on these patients are presented in the following case de 


seriptions. 


Case 1. W. P., a 74-year-old man, was admitted to the hospital unconscious, with the ding 
nosis of a cerebral vascular accident. Fifteen years before admission the diagnosis of pul 
monary emphysema had been made. Three years before admission pulmonary funetion 
studies showed marked ventilatory impairment but nearly normal arterial blood oxygen, 
earbon dioxide, and pH. The patient noted weakness for a week before admission, but con 
tinued to work. On the day he was brought to the hospital, the patient complained of 
marked weakness, became disoriented and, shortly thereafter, comatose. On admission the 
blood pressure was 140 systolic, 70 diastolic in mm. of mercury, the temperature, 105.1°1 
the pulse rate was 120 per minute; and the respiratory rate 30 to 60 per minute. The patient 
was cyanotic and unresponsive. A gallop rhythm was noted. The pupils were small and 
reacted sluggishly to light. Tendon reflexes and superficial abdominal reflexes could not be 
elicited. On lumbar puncture the cerebrospinal fluid pressure was 300 mm. of water, but the 
findings were otherwise negative 

With oxygen administration the cyanosis disappeared but no other change was noted 
Arterial blood studies (table 1), obtained when earbon dioxide narcosis was suspected, 
showed a marked hypercapnia and severe acidosis. An endotracheal tube was inserted and 
left in place for the following fifteen hours. Brief trials of the automatic resuseitator showed 
that it was very successful in reducing the arterial blood carbon dioxide tension. Accord 
ingly, the resuscitator was used for the following fifteen hours on a ‘15 minutes on and 15 
minutes off"’ basis. When the resuscitator was not being used, oxygen was administered into 
the endotracheal tube at moderate flow rates. Corticotropin was also given by intravenous 
infusion, and antimicrobiol therapy was used. By the morning of the second hospital day 
hypereapnia was relieved (table 1) and the patient was greatly improved. He was conscious 
and responded well to commands. The endotracheal tube was removed and use of the 
resuscitator was discontinued. He continued to improve and was discharged on the four 


teenth hospital day 
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TABLE 1 


Dnoxipe Narcosis wirn ax Acvromatic 


TREATMENT oF ¢ 


Patient (Comment H co 


~ 


‘omatoxe; on nasal oxygen 


wee 


‘omatose; on resuscitator and tank oxygen for 15 7.27 69.5 


~ 


minute 


Comatose; 30 minutes since valve used 


Comatose; on resusecitator and tank air for 20 min 


tutes 


Alert, on nasal oxygen after overnight use of resus 


AD Comatose; resuscitator in use with tank oxygen for 


20 minutes 


Comatose; after use of resuscitator and tank air for 53.5 7.31 70.0 


one hour 


Responding and breathing spontaneously; on nasal 82.6 7.26 81.0 


oxygen several hours later 


MP Semicomatose; spontaneous breathing on air 2 7 

Semicomatose; spontaneous breathing on nasal 04.2 7.15 6.0 
oxygen 

Semicomatose ; on Bennett valve and tank oxygen 15.6 7.28 76.0 
5 minutes 

Semicomatose; on Seeler resuscitator and tank 99.2 7.29 62.0 
oxygen 5 minutes 

Alert; spontaneous breathing on air two days later 05.3 7.47 1.0 


K.T Comatose; spontaneous breathing shortly after 68.8 6.08 149.0 


oxygen stopped 


Comatose; on resuscitator and tank oxygen for 10 100.0 7.17 85.0 
minutes 
Comatose; resuscitator still in use two hours later 09.3 ‘4 WO 


Comatose: one day later still on resuscitator 100 


Oriented; several days before pneumonia 7.36 
Semicomatose; on nasal oxygen 78.6 7.14 151.0 
Semicomatose; on resuscitator and tank oxygen 5 03.5 7.23 121.0 


minutes 
Oriented; after use of resuscitator overnight 


With continued use of bronchodilator drugs, an intermittent positive-pressure 
breathing valve, and the antimicrobial therapy, the patient avoided a similar 


episode and was doing well one and one-half years later. 


Case 2. A. D., a 65-year-old woman, had had emphysema, recurrent attacks of bronchitix 


and hy pertensive Vase ular disease for ten years. One year before the present admission she 


had been hospitalized in a semicomatose condition following sedation with barbiturates 
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Four tofive days before admission she began to have more severe dyspnea and a worsening 
of her cough. Initially in the hospital she demonstrated moderately severe dyspnea at rest 
inspiratory and expiratory rhonchi, a blood pressure of 180 systolic, 100 diastolic in mm. of 
mereury, and cardiac enlargement, but no clear evidence of congestive heart failure 
During the evening of the first day she was given 3 gm. of chloral hydrate in two separat: 
doses and managed to add to this sedation by consuming some whiskey which she had 
brought in her luggage. It was noted that she was in de ep ~ lew p ind the following morning 
she was found to be comatose and eyanotic. A consultant arrived with the automatic re 
suscitator just as respirations ceased. Resuscitation was begun and twenty minutes later the 
first arterial blood sample vas obtained. The findings on this and later sample ire pre 
sented in table | After several hours’ use of the resuscitator, the patient began to regain 
consciousness, resuscitation was discontinued, and she resumed spontaneous breathing 


Recovery was uneventful and she was discharged on the twelfth hospital da 


Case 3.M.P., a 40-year-old housewife, had had asthma for twenty-two vear md was ad 
mitted to the hospit il in a severe attack of the disease. The « pisode became progressivel 

more severe in spite of the usual measures and by the seventh hospital day the patient wa 

eyanotic and disoriented. Bronchoscopic drainage was done and corticotropin was given by 
intravenous infusion, Arterial blood gas studies during spontaneous breath ard with the 
use of resuscitators were carried out and the results are presented in table 

samples taken while the patient was breathing spontaneously illustra 

Poo, Which may occur when arterial hypoxia is relieved by the administration xyeen 
Both the Seeler resuscitator and the Bennett intermittent positive pressure valve were used 
on this patient. Although the resuscitator appeared to provide better ventilation than the 
Bennett valve, the latter was more acceptable to the patient who was only semicomatone 

The Bennett valve was used intermittently during the following two da ifter whieh the 


patient made an uneventful reeovery 


Case 4. R.T., a 58-year-old Negro male, was known to have hypertension, but had otherwise 
been well until he had a hemorrhage into the region of the pons. He lived three days but 
never regained consciousness. On admission to the hospital, the first day of his illness, he 
Was having obvious respiratory diffieulty For this reason an endotracheal tube was in 
serted. Respiration was very shallow, and large quantities of mucus were produced, which 
required repeated aspiration of the airway. The blood pressure at the time of admission wa 
240 systolic, 130 diastolic in mm. of mereury; but it soon declined and from the first da 
continuous infusion of norepinephrine was required to maintain an adequate blood pressure 
On the second hospital day respiration became progressively more irregular and feeble 
Arterial blood gas measurements made at that time are presented in table 1. For the follow 
ing forty-eight hours until death from circulatory failure, respiration was maintained with 
the Seeler resuscitator. Despite correction of the respiratory acidosis, there was no sig 
nificant improvement in the patient’s general condition, as might have been ¢ xpeeted in 


view of the pontine hemorrhage found at autopsy 


Case 5.M.R., a 47-year-old woman with Cushing's disease, was admitted to the hospital for 


the third time in January, 1955. Following completion of a bilateral adrenalectomy, the 


patient developed a staphylococcal pneumonia and pyopneumothorax. Associated with thi 


complication, the patient had severe restriction of breathing and evidence of pulmonary 
insufficiency, with marked cyanosis and dyspnea. Nasal oxygen relieved the cyanosis but 
the patient became confused, disoriented and then comatose. Coma persisted even when 
oxygen was discontinued, and severe anoxia ensued. The arterial blood gas studies demon 
strated the marked acidosis and hypercapnia which were present and indicated the ef 
fectiveness of the resuscitator in relieving carbon dioxide retention and maintaining good 


arterial oxygenation (table 1 
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DISCUBSION 


The results of this study demonstrate that an automatic mechanical re- 
suscitator can be effective, and even life saving, in the treatment of severe carbon 
dioxide narcosis. Other types of respirators (the Bennett intermittent positive- 
pressure breathing valve and the Drinker type of tank respirator) have also been 
used successfully by the present writers. The automatic resuscitator used on the 
5 patients in this report was particularly effective in improving alveolar ventila- 
tion. In addition, the resusecitator, which is small and easily operated, allows 
free access to the patient for observation, nursing care, and diagnostic and other 
therapeutic procedures. 

tecent articles (4, 5) on the management of carbon dioxide retention have 
stressed the importance of preventing the development of severe hypercapnia 
and narcosis. The use of bronchodilator drugs, bronchoscopic drainage, steroid 
therapy, antimicrobial drugs, and the treatment of congestive heart failure are 
often effective in preventing severe respiratory acidosis. Unfortunately these 
measures are not always successful or the patient is seen by the physician after 
carbon dioxide retention has already become severe. These patients may have 
such marked respiratory depression that adequate alveolar ventilation can be 
obtained only by mechanical assistance. In the experience of the writers pa- 
tients comparable with those in the present study have died with carbon dioxide 
intoxication within a few hours or days unless the hypercapnia was effectively 
corrected, As demonstrated in this study, an automatic resuscitator can do this 
and can maintain the patient until other measures have time to correct the factors 
which precipitated the episode of carbon dioxide retention 

In the management of these patients, particularly during the use of a respira- 
tor, it is important to pay careful attention to the maintenance of a patent 
airway. Bronchoscopy was done initially in some of the patients and broncho- 
dilator drugs were used in all. Tracheal intubation was also freely used and could 
be continued for twenty-four hours without severely damaging the larynx or 
trachea. This period of time is usually adequate to relieve the hypercapnia. If 
further mechanical ventilation is required, consideration can be given to sub- 
stituting a tracheotomy tube for the endotracheal tube and employing a tank 
respirator 

The degree of consciousness of the patient will alter the ease with which the 
automatic resuscitator can be used. The more conscious the patient, the greater 
is the tendency to resist mechanical automatic aid to breathing. Except for 
patient No. 3, the patients in this study were so deeply narcotized that they did 
not resist mechanical ventilation. Furthermore, they remained in that state for 
a considerable time after the elevated carbon dioxide level had been significantly 
reduced, Semistuporous patients may strongly resist attempts to use a mechan- 
ical respirator even though severe hypercapnia has resulted from an inadequate 
ventilatory effort. The problem of therapy may be solved by sedating these pa- 
tients until they will tolerate use of a respirator. On two occasions the writers 
have successfully used sedatives to permit employment of a Drinker type of 


tank respirator in carbon dioxide narcosis. 
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RESUSCITATION IN CARBON DIOXIDE NARCOSIS 


SUMMARY 


The successful use of an automatic resuscitator in the acute management of 5 


patients who were comatose with carbon dioxide intoxication has been described. 


The particular respirator used was practical, easily adjusted to the patient’s 
needs, provided access to the patient, and was effective in improving alveolar 
ventilation. It is believed that the use of an automatic mechanical aid to breath 
ing may be life saving in some patients with carbon dioxide narcosis by allowing 
the time necessary for steroids, antimicrobials, and anticongestive therapy to 
correct the factors which originally initiated the severe carbon dioxide retention 


SUMARIO 


El Empleo de un Resucitador Positivo-Negativo Automdtico en el Tratamiento de la Narcosis 
por Bidézrido de Carbono 


Describese el éxito que acompané al uso de un resucitador automético en la asistencia 
aguda de 5 enfermos que est iban comatosos debido a intoxicacién con bioxido de carbono 
bl respirador Us vio resulté practico, facil de ajustar a las necesidades de los enfermos 
suministraba acceso al enfermo y fué eficaz para mejorar la ventilacién pulmonar. Parece 
que el uso de un auxiliar mecdnico automético de la respiracién puede salvar la vida en 
algunos enfermos bajo narcosis por bidxido de carbono por facilitar el thempo necesario para 
que los esteroides, las drogas antimicrobianas y la terapéutica anticongestiva rectifiquen 
los factores que iniciaron p rimitivamente la intensa retencién de bidxido de carbono 


KESUME 


Emplor d'un réanimateur positif négattf automatique dana le traitement du coma da a 


intoxication par le gaz carbonique 
/ 


Le suecés de l'emploi d'un réanimateur automatique dans les traitement d’urgence de 
5 eas de coma par intoxication au COP est décrit. Ce modéle de réanimateur est pratique et 
facilement adaptable aux besoins du malade, il permet l’aceés au malade et il améliore la 
suteurs estiment que l'emploi d'un systéme automatique pour 


ventilation alvéolaire Les 
dans le coma di au 


faciliter la respiration peut sauver la vie de certains malades 
en laissant au traitement par les stéroides, les antibiotiques et A la médication anticon 


gestive le temps de corriger les facteurs qui ont initialement déterminé l'importante re- 
tention de CO# 
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CARBON MONOXIDE DIFFUSING CAPACITY DURING 
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INTRODUCTION 


In the majority of patients with dyspnea of pulmonary origin, the principal 
defects responsible for the complaint are mechanical. Objectively assessed, im 
pairment of ventilatory function correlates well with the degree of dyspnea, 
and simple, easily performed measurements of breathing capacity, air flow, and 
lung volumes are most useful. Recently, interest has centered on patients pre 
senting with shortness of breath out of proportion to the measurable defect in 
ventilatory mechanics. Dyspnea, hypoxemia, and even cyanosis in the presence 
of diffuse, finely dispersed pulmonary lesions, and not explained by conventional 
function tests, have led to the consideration of the alveolar-capillary ‘“‘mem 
brane” as a possible obstructing factor interfering with the normal transfer of 
oxygen. 

The term “membrane,” as generally used, includes all structures interposed 
between the alveolar gas and the hemoglobin of the erythrocytes in the pul 
monary capillary blood. The difficulties of quantitating the capacity of the 
“membrane” to diffuse oxygen has been fully appreciated for many years. A 
pathophysiologic entity of “pneumonosis” has been assigned to patients with 
pulmonary disease in whom shortness of breath, marked hyperventilation, and 
unsaturation of arterial blood could not be explained by a decrease in ventilatory 
capacity (1, 2). In this country, similar impairment has been termed “respira 
tory,” as opposed to “ventilatory,” insufficiency (3). 

Within the past ten years, efforts have been made toward the development of 
clinically applicable methods for measurement of the effectiveness of oxygen 
transfer and the diffusing capacity ol the lungs. Lilienthal and associates (4) 


devised a method to determine the oxygen pressure difference between the alveo 
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lar air and the arterial blood. The measured pressure difference consists of a 
“membrane” component and a “venous admixture” component. Separation of 
these two factors and calculation of the diffusing capacity for oxygen is possible, 
under certain circumstances, after determination of the alveolar-arterial oxygen 
“gradient” during breathing of gases of two different oxygen concentrations. 
The shape of the oxygen dissociation curve is such that at the higher level of 
oxygen breathing the “gradient” is chiefly due to “venous admixture,” and at 
the lower level it is primarily due to the “membrane” factor (5). By this method 
it has been shown that the “membrane’’ may indeed offer resistance to diffusion 
of oxygen. Diminished diffusing capacity has been demonstrated in sarcoidosis, 
chronic beryllium disease, scleroderma, interstitial fibroses, and several other 
conditions (6) 

The pathophysiologic combination of diffuse pulmonary involvement, rela- 
tively normal ventilatory function, and impaired diffusion is now generally re- 
ferred to as the “alveolar-capiilary block” syndrome (7). Application of the two- 
level alveolar-arterial oxygen “gradient” method has proved technically diffi- 
cult. In the hands of the present investigators, the selection of the low-oxygen 
mixture to produce the desired degree of hypoxia has been troublesome, and the 
necessary “educated guess’’ has often been missed. The bubble equilibration 
technique (8) requires experience and extreme attention to detail. The length 
of time for the procedure limits its use in the severely ill patients. Also, the effect 
of hypoxia on the diffusing capacity has not been adequately explored. For these 
practical and theoretical reasons this method has been confined largely to re 
search laboratories 

The methods devised by Marie Krogh were intended to measure the more 
easily determined diffusing capacity for carbon monoxide (9). They depend upon 
the peculiar affinity of hemoglobin for carbon monoxide which is 210 times 
greater than that for oxygen. Back pressure of carbon monoxide from the pul- 
monary capillary blood to the alveoli is therefore considered negligible and the 
difficult estimation of the pulmonary capillary tension of the diffused gas is not 
necessary. The rate of diffusion of a gas through the same membrane varies only 
with its molecular weight and with its solubility coefficient. Accordingly, the 
relationship of the oxygen to carbon monoxide diffusing capacity can be related 
by the ratio of 1.25 to 1 (10). 

Recently, several modifications and improvements of Krogh’s method have 
been suggested (12, 22). The present report deals with experiences with one of 
these modifications devised by Filley and associates (11). It entails breathing a 
low concentration of carbon monoxide during the steady state and calculation 
of the mean alveolar partial pressure of carbon monoxide from a modification 


of the Bohr dead-space equation. 


METHODS 


Conventional ventilatory function tests included 


Conventional ventilatory function teats 
determination of maximal breathing capacity in triplicate by the open-circuit technique; 
vital capacity and one-, two-, and three-second timed vital capacities with automatic 
timing attachment (12); functional residual volume and index of intrapulmonary mixing 
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in duplicate by a modified open-circuit nitrogen washout method (13); and conventional 
closed-circuit spirography with determination of subdivisions of vital capacity, oxygen 
uptake, minute ventilation, and ventilation equivalent for oxygen. All expired volumes 
are reported at body temperature, ambient pressure and saturated with water vapor BTPS) 
except oxygen consumption which is given at standard temperature and pressure dry 
STPD). The predicted normal values for maximal breathing and vital capacities were 
determined from standard regression equations of Baldwin and associates (14), and the 
predicted normal residual volume was calculated according to Kaltreider and associates 
(15). Details of the routine methods used have been previously reported (15 

Diffusing capacity for carbon monoxide: The method was essentially the same as that 
reported by Filley and associates (12) except for the analysis of carbon monoxide which 
was made physically instead of chemically The subject walked on a treadmill with vari 
able speed and incline to determine a degree of exercise severe enough to produce a stress, 
but not so severe as to prevent maintenance of the steady state. The rate varied from 
1 to 3 miles per hour and the grade from level to 8 per cent incline. In general, an attempt 
was made to obtain at least a threefold increase of the resting oxygen uptake. Following 
the trial exercise, an indwelling arterial needle was placed in the brachial artery and the 
patient again walked at the previously determined rate and grade while breathing ap 
proximately 0.1 per cent carbon monoxide in air during the third through the sixth minute 
of exercise. Arterial blood and expired air were collected simult neously during the fifth 
and sixth minutes. Inspired and expired air was measured for carbon monoxide with an 
infrared spectroscopic analyzer.* Gases with known concentrations of carbon monoxide, 
determined to one part per million, were used as standards of reference. ¢ irbon dioxide 
and oxygen content of the expired air were measured with a Scholander apparatus and 
duplicates were required to check within 0.02 per cent. Alveolar oxygen tensions were 
calculated according to the alveolar equation 1 Arterial carbon dioxide tensions were 
determined in duplicate by a modification of the bubble equilibration technique (16) and 
checked against those calculated by nomogram (17) from carbon dioxide content, deter 
mined manometrically, and the pH, by glass electrode, Arterial oxygen tension, content, 


and capacity were also obtained in duplicate. The minute carbon monoxide uptake Veo) 


was the difference between the inspired and expired concentrations multiplied by the 
minute ventilation at STPD, corrected for respiratory exchange ratio (RQ). The mean 
alveolar partial pressure of carbon monoxide was calculated from a modification of the 
Bohr dead-space equation by assuming that the dead-space— tidal volume ratio VD/VT) 
for carbon monoxide is the same as for carbon dioxide (11). The diffusing capacity for 
carbon monoxide was calculated by dividing the carbon monoxide uptake by the mean 


Proo 


Selection of Patients 


Patients were selected for this study on the basis of diffuse, finely dispersed 
pulmonary infiltration by roentgenogram and dyspnea or incapacity out of pro 
portion to the measured ventilatory defect. Patients who were not able to per 
form minimal exercise on the treadmill could not be included in this study 
Patients who qualified in other ways, but who showed physiologic evidence of 
complicating pulmonary emphysema, were excluded. 

Inclusion of healthy volunteers was necessary because the normal range of 
carbon monoxide diffusing capacity at comparable degree of exercise is not well 
established. 

* Gas Analyzer Model 15, Liston-Becker Division of Beckman Instruments, Ine., Stam 
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RESULTS 


Twenty-three patients were studied over the course of one and one-half years. 
Ten of these had lung biopsies within a few weeks following the physiologic ex- 
amination. This allowed comparison of function tests, subjective complaints, 
and pathologic findings. In the other 15 patients, the diagnoses were based on 
lymph node biopsy, spectroscopic examination of urine, and on epidemiologic 


history (table | 
A diagnosis of chronic berviliim pneumonitis in 11 patients was based on an 


authenticated history of exposure to toxie amounts of beryllium and corrobora- 


tive roentgenographic findings in all cases. In addition, urine and lung tissue of 


several patients were examined specirvoscopically; beryllium was found in all of 
these specimens. Four patients had sarcoidosis, confirmed by lung biopsy in 2 
and by scalene node examination in 2 others. There were 3 patients with pul- 
monary fibrosis of unknown etiology. Lung biopsy in each case showed chronic 


interstitial fibrosis. Two coal miners with histories of long exposure to both coal 


and sand dusts were found by lung biopsy to have severe silicotic nodulation. 
There was one case each of Hamman-Rich syndrome, eosinophilic granuloma, 
and eryptococcosis. All of these diagnoses were made by lung biopsy. Culture of 


the organism and subsequent post-mortem examination confirmed the diagnosis 


in the last-named patient. A summary of the clinical data is shown in table 1. 
The normal volunteers were young physicians and laboratory technicians and 


not the usual “pulmonary normal” hospital patients. Their vital statistics are 


included in table 2. The sex distribution was about the same as in the patient 


group, but the mean age was ten years younger. 


Lung Volumes and Breathing Capacities 


Lung volumes and breathing capacities for patients and normal subjects are 
shown in table 2 and are summarized in figure 1. There were no striking abnor- 
malities of ventilatory function and, except for vital capacity, the mean values 
were considered to be within normal limits. The regression equations for predic- 
tion of normal vital and maximal breathing capacities have standard errors of 


plus-minus 20 per cent; the mean maximal breathing capacity of 94 per cent was 
within that limit. The average timed vital capacity of 75 per cent during the 
first second of the maximal expiratory effort was not less than the predicted 


minimum (12), and the mean residual volume of 1.24 liters was normal. The 
RV/TLC ratio of 29.8 per cent was perhaps slightly elevated for a group with 
an average age of thirty-six years. This, it was thought, was a reflection of a 
decrease of the denominator (the total lung capacity) rather than an increase 
of the numerator (the residual volume). 

A somewhat low total lung capacity and a vital capacity of only 77.5 per cent 
of the predicted came as no surprise in a group of patients in whom pulmonary 
fibrosis was prominent. A slightly better maximal breathing than vital capacity 
is common in patients with restrictive ventilatory defects (6, 7), and this dis- 
crepancy results in an elevation of the air velocity index (18). The alveolar nitro- 
gen concentration after seven minutes of pure oxygen breathing, in this labora- 
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TABLE 2 
VENTILATION 


MBC vi 
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Number 


Mean 


Normal 
Subjects 
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VENTILATION DATA: 23 PATIENTS WITH “A-C BLOCK" 


VC. TOL LUNG CAP EXERCSE ART of, RESIDUAL VOLUME 


Predicted Predicted mm Hg % TLC 


Be 


T 


Fic. 1. Ventilatory function of 23 patients with “alveolar-capillary block’’ syndrome 
Individual and mean values for the group and the predicted normal range are indicated 
The maximal breathing, vital, and total lung capacities are shown as per cent of predicted 


the arterial oxygen tension in mm. of mercury, and the residual volume as per cent of 


the total lung capacity 


tory, should not exceed 1.5 per cent; the mean for the patients of 1.18 per cent 
was Within that range 

Although averages for the group were essentially within normal limits, certain 
subjects had a moderate, restrictive type of ventilatory insufficiency (figure 1, 
table 2). Maximal breathing capacities were below 80 per cent range on seven 
occasions, and more than half of the vital capacities were less than 80 per cent 
of normal 

Because patients with evidence of complicating pulmonary emphysema were 
excluded, the average figures for the group show none of the stigmata typical of 
this disease, That is, there was no marked decrease of maximal breathing capac 
ity; the air velocity index was greater rather than less than 1.0; there was 
no lowering of timed vital capacity, and no elevation of residual volume or 
pulmonary mixing index. To be sure, individual values in some columns were 
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VENTILATION DATA: “A-C BLOCK" AND EMPHYSEMA 


I TIMED CAPACITY RESIDUAL VOLUME PULMONARY MIXING 


% of Total Lung Capacity Aiveotor “trogen 


DW 4 ) 
Yi, Pavers with “Aivectar Capitary Bock” 74 ponents win Emonyseme 
Mean values and predicted normal range for one-second timed vital capacity 


ts per cent of tot il, residual volume as per cent of tot i! lung capacit ina pulmonary 


mixing index in per cent of alveolar nitrogen from the 23 patients are compared to mean 


values from 74 patients with pulmonary emphysema previously studied at our laboratory 


The mensurements ¢ ho-en are those ty puc illy abnormal in if ‘ 


compatible with a diagnosis of early emphysema but such changes were not con 
sistent in any single patient. The tests which show most typical changes in ob 
structive emphy sema were selected for COMLparison in figure 2 The average find 
ings in 74 patients with varying degrees of emphysema were placed next to 
averages for the present group to demonstrate exclusion of such cases from this 
study. 

In the normal subjects, ventilatory performance was considerably better than 
that predicted by the regression equations (table 2). This merely suggests that 
prediction based on “pulmonary normal” hospitalized patients results in low 
values. 


Results of Exercise Studies 


Results of exercise studies are listed in table 3. The severity of exercise com 


patible with maintenance of a steady state in the patient group averaged 2.1 


miles per hour at a 7.4 per cent grade. The standard selected for normal subjects 


possible but was kept at that level to make the effort comparable to that of the 
patients. In retrospect, only one patient actually performed continuously at the 


of 3 miles per hour at 8 per cent was not the most severe steady-state exercise 


standard rate. The degree of exercise is preferably expressed in termes of oxygen 
uptake rather than foot pounds or ergs (19). The normally oecurring individual 
variations were considerable even with identical exercise and with oxygen uptake 
expressed per square meter of body surface. In the normal group the oxygen re 


quirement averaged 666 ce. + 118 ec, per minute perm’? B.S. bor the patients 
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TABLE 3 
STUDIES 


Venti- Respira- Arte 
atory tory rial 
t 
Equiva Ex COs Deo Deo 
— lent for change Ten 
Ratio son 


2 3 
2 4 
5 2 
2 
5 3 
5 2 
2 
3 
3 
2 3 
4 
5 2 
2 
2 2 
2 
2 
5 2 
2 
2.4 


Normal 
Subjects 
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Number | ™ Uptake 
Resting 
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1.0/8 | 0.93 37 % 13 18 19.9) 
5 24/8 0 36 76 «108 «18.0 10.2 
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this figure was 550 ec. + 100 ce. (17 per cent less than in the controls), corre- 
sponding to the somewhat lesser exercise. In terms of resting oxygen uptake, 
exercise increased the patients’ requirement 3.5-fold and the normal subjects 
1.7-fold. 

The first uniformly abnormal finding in the patient group, evident from table 
3, Was the abnormally large ventilatory requirement at exercise. Although the 
patients exercised less severely than the normal subjects and required 17 per 
cent less oxygen, they neverthelsss ventilated 27 per cent more than the normal 
subjects. The ventilation equivalent for oxygen is a useful concept for expressing 
ventilatory requirement in terms of oxygen uptake. The patients’ ventilation 


equivalent averaged 3.24 L. per 100 cc. as opposed to 2.19 L. per 100 cc. for the 


normal controls (table 3). The upper limit of normal for the resting ventilation 
equivalent is said to be 2.5 L. per 100 ce. and normally there is a decrease during 
exercise (20), as was the case with the normal subjects. These findings are illus 
trated in figure 3. A sharp dividing line was found between the normal subjects 
and the patients: the ventilation equivalent for oxygen of 2.5, indicated by a 
broken line, shows every patient on or above the line and all but one normal 
subject below 

Alveolar hyperventilation of the patients manifested itself in other ways. The 
arterial, and consequently, alveolar carbon dioxide tension (Peo,) was lower than 
the normal range of 58 to 45 mm. of mercury in 14 patients, and the alveolar 
oxygen tension (P,.) was elevated above the upper limit of normal of 109 mm. 


O, CONSUMPTION RELATED TO VENTILATION DURING EXERCISE 


+ Normal Volunteers 


@ Potents with Block 


4 4 


300 600 700 
Oxygen Consumption, cc 8S A 
Fic. 3. The rel tionship of oxygen uptake and ventilators requirement during exercise 
in the 23 patients and in 12 normal subjects. All points under the diagonal line fall below 


the accepted upper limit of a normal ventilation equivalent for oxygen of 2.5 liters per 100 ce 


$24 
‘ ove 
| 
| 
| 
>. 
z 
> Pd ° 
*e- 
& o 
«l 
¥ 


528 CUGELL, MARKS, ELLICOTT, BADGER, AND GAENSLER 


of mercury in most patients. In spite of this, the arterial Po remained below the 
normal range of 90 to 100 mm. of mercury in nearly all patients 

The control subject who showed marked hyperventilation during exercise 
(B. F.) was of particular interest in this connection. In this individual, as in the 


patients, hyperventilation was accompanied by respiratory alkalosis (arterial 


Poo 30 mm. of mereury), an increase of the respiratory exchange ratio, and 
a marked increase of alveolar Po, to 122 mm. of mercury. Yet this was accom 
panied by a nearly parallel increase of arterial P,, to 111 mm. and the alveolar 
arterial oxygen tension difference remained normal. (See addendum.) 

One patient (No. 15) resembled this ‘normal hyperventilator” in that her in 
creased alveolar ventilation also resulted in a greater than normal arterial P,, 
Strikingly, this was the only patient who had a carbon monoxide diffusing ca 
pacity which fell within the normal range (table 3, figures 4 and 5) 

The alveolar oxygen tension of the patients averaged 110 mm. of mereury 
compared to 106 mm. for the normal subjects. The mean arterial oxygen tension 
for the patients was only 73 mm., with a mean for normals of 9S mm This dis 
crepancy resulted in the only striking impairment measurable by conventional 
functional examination: the alveolar-arterial oxygen tension difference, often 
called the “A-A gradient,” averaged 37 mm. of mercury for the patients, con 
trasted with only 6 mm. for the normal subjects. Unfortunately, this determina 
tion was made in only one-half of the latter because prolonged arterial cannula 
tion required for triplicate determinations of arterial P,,, was not deemed 


Deo RELATED TO O, CONSUMPTION 


4 ter 
300 4K 500 600 


Onygen Consumption, cc BSA 
Fic. 4. The diffusing capacity for carbon monoxide (Deo) in ce. per Minute per tm 
of mereury per m’? BS related to the severity of exercise expressed as oxygen upt ike in 


ec. per minute per m* B.S. of the 23 patients and 12 normal subjeets 


‘i 
Nor volunteers 
@« Potents with Block 
‘ 
} 
10} «6 
. 
q . 
4 


CO DIFFUSING CAPACITY IN LUNG FIBROSIS 


Deg RELATED TO DISABILITY 


MODERATE MINIMAL NONE NORMAL 
++? ++ + ° VOLUNTEERS 


hia. 5. The diffusing capacity for carbon monoxide (Deo) related to disability deter 


mined by history 


advisable in certain normal volunteers. Results of the ‘“A-A gradient’’ are also 


lacking in 4 patients because repeated duplicate determinations did not check 


The Exercise-Diffusing Capacities for Carbon Monoxide (Dey 


The exercise-diffusing capacities for carbon monoxide are shown in table 5, 


both in terms of cubie centimeters of carbon monoxide per minute per mm. of 


mercury and corrected for body surface. Expression in terms of body surface 


appeared useful because other values are shown in the illustrative material which 


are customarily expressed in these terms. Correlation coefficients were calculated 


for Deo with body surface (r +0.52), weight (r +045), and funetional 


residual capacity (r + 0.42). None of these correlations were significant be 


cause they were less than twice the error of the coefficient of correlation (S.E 


of 0.30), and for significance at the 5 per cent level r would have to be 


greater than 0.58. However, additional data in the laboratory suggest that a 


definite correlation between Deg and body surface can be demonstrated with 


larger groups. The average normal Deo was 31.3 cc. per minute per mm. of 


mereury or 17.1 ce. per square meter of body surface. Irrespective of the manner 


of expressing the Deo, the mean for the patients was only one-half that of the 


normal subjects. Only the patient mentioned before (No. 15) fell in the normal 


range 
The possibility was considered that the low Deo of the patients may have been 


a reflection of the less severe exercise in this group. From figure 4, in which De, 


was plotted against oxygen uptake, it is apparent that this was not the case 
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However, there was a tendency to lower Deo values in the lowest range of oxy- 
gen uptake. This suggested that the patients with the lowest Deo values were 
the most severely ill and, therefore, least able to perform strenuous exercise 
(figure 5). This is borne out by the data in table 4: Of the 3 patients with a 
Dew below 6 cc., 2 were not able to exercise at the standard 8 per cent grade, one 
could walk only on a level, and 2 could not walk faster than 1.5 miles per hour. 

The relationship between Deo and the “A-A gradient,” the only other con- 
sistently abnormal! finding, was of some interest. Correlation between these two 
tests was fairly good at the extremes of the range. At one end were the normal 
subjects with ““A-A gradients” below 12 mm. and Deo values between M4 and 
20 ec. At the other end were the patients with “A-A gradients’ above 50 mm. 
and Deo values below 7.5 cc. In between correlation was poor: Among patients 
with definitely abnormal “A-A gradients” of 15 to 25 mm., the Deo ranged from 
a low of 7.5 to a normal of 16.5 cc. This was not surprising because theoretically 
the Dew reflects only the state of the “‘membrane,”’ whereas the “A-A gradient” 
is affected not only by this but also by venous admixture from both under- 
ventilated areas of the lung and distal venous admixture. The relationship be- 
tween the “A-A gradient,” the diffusing capacity for carbon monoxide, and the 
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Fic. 6. Chest roentgenogram of patient J. P. (Case 1), a 40-year-old housewife. There 


is diffusely dispersed, fine, granular infiltration throughout both lungs and bilateral hilar 
lymph node enlargement. The lung biopsy is shown in figure 7. 
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directly determined diffusing capacity for oxygen at rest and exercise will be 
discussed in more detail in a subsequent communication (21) 


The Correlation Between Subjective Complaints and Deo 


The correlation between subjective complaints and De» is shown in figure 5. 
Dyspnea (disability) was rated 0 to 4-plus on the basis of history alone. There 
were no patients with 4-plus or very severe disability because all in this group 
could exercise to some degree. The problem of obtaining a reliable history of 


disability will be discussed in more detail subsequently. In spite of this difficulty, 


there was at least a fair degree of correlation, especially of the mean Deo value 
for each group. All patients with some degree of disability had a Deo of less than 


Fia. 7. Lung biopsy of patient J. P. (Case 1). There is disruption of alveolar walls with- 
out “clubbing,” epithelioid tubercle formation, and lymphocytic and granulomatous 
infiltration with thickening of the alveolar septa. The final diagnosis was sarcoidosis 
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10 ce. per minute per mm. of mercury per m® BSA. Individual discrepancies 
were considerable among the patients without disability. 


Case Re ports 


Case 1. J. V., a year-old housewife, was admitted to the surgical service of the Boston 
City Hospital in August, 1954, for repair of a large, asymptomatic, umbilical hernia which 
had been present for many years 

The only relevant past history referred to an episode of ‘virus pneumonia” four years 
before the present admission. Shortly after this the patient noted a change in the contour 
of her fingernails but was otherwise entirely well. During the last six months she observed 
mild dyspnea on exertion. There was no history of industrial employment or exposure to 
dusts or noxious gases 

Physical examination revealed a small, obese woman who appeared entirely well. In 
addition to the umbilical hernia, abnormal findings included moderate enlargement of 
spleen and liver and marked clubbing of the fingernails. Examination of the chest and the 
remainder of the physical examination were not remarkable 

The only significant hematologic finding was reversal of the albumin-globulin ratio 
There was no skin reaction to both first- and second-strength PPI) The roentgenogram of 
the chest (figure 6) was dexcribed as showing diffusely dispersed, fine, granular infiltration 
throughout both lungs, and there was also a suggestion of bilateral hilar lymph node en 
largement 

Shortly after admission, conventional ventilatory function studies were performed and 
revealed normal maximal breathing capacity, residual volume, one-second timed vital 
capacity, and pulmonary mixing index. A slight, restrictive type of ventilatory insuffi 


P Ba 


Fia. 8. Chest roentgenogram of patient P. Ba. (Case 7), a 39-year-old foundry worker. 
There is very fine diffuse, granular infiltration which is most marked at the bases of both 


lungs. The lung biopsy is shown in figure 9 
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ciency was demonstrated by symmetric reduction of vital capacity and residual volume 
with a total lung capacity of 2.78 L. (table 2). For diffusion studies the patient was able to 
walk at the rate of 2m.p.h. on a7 per cent incline. During that exercise there was marked 
hyperventilation with «a ventilation equivalent of 3.49 L. per 100 ce. The alveolar oxygen 
tension was elevated to 116 mm. of mercury, but the arterial oxygen tension was greatly 
reduced to 65 mm. with a resulting “‘A-A gradient”’ at least five times larger than normal 
The Deo was 5.1 cc. per minute per mm. of mereury per m? B.S., or less than one-third of 


normal (table 3). These findings were consistent with “‘alveolar-capillary block." 


Following pulmonary function studies, secalene node and lung biopsies were 


performed. The node revealed granulomata, and the histologic appearance of 


the lung tissue was characteristic of a diffuse pulmonary granuloma (figure 7). 


The final diagnosis was sarcoidosis. 


Fic. 9. Lung biopsy of patient P. Ba. (Case The alveolar spaces are filled with large 
macrophages containing a dark brown pigment which was not iron on special staining 
There is diffuse thickening of the alveolar walls with epithelial proliferation and lympho 
eytic infiltration. The final diagnosis was chronic interstitial fibrosis of unknown etiolog 
100 
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Case 7. P. Ba., a 39-year-old white man, was referred from the Worcester Memorial Hos- 
pital in May, 1955, for evaluation of progressive dyspnea of one and one-half years’ dura- 
tion. 

Past history revealed employment in a foundry from 1938 to 1941 as an iron and steel 
grinder, using wheels of unknown composition. Later, he worked at least five years as a 
forge cleaner, using a turn blasting machine. He was well until two years ago when he 
first noted paroxysmal cough productive of grayish sputum. Dyspnea on severe exertion 
was first noted eighteen months ago. A roentgenogram at that time was abnormal (figure 8) 
and led to several studies for tuberculosis which were all negative. Since then he continued 
to complain of dyspnea during the performance of his usual duties of lifting and trans- 


porting heavy molds 


Fia. 10. Bucky chest roentgenogram of patient J. M. (Case 20), a 44-year-old draftsman 
formerly employed in a fluorescent lamp factory. Diffuse, mottled infiltration and some 
nodulation may be observed throughout both lungs. The lung biopsy is shown in figure 11. 


Fia, 11. Lung biopsy of patient J. M. (Case 20). There are many granulomatous nodules 
and epithelioid tubercles with diffuse fibrous thickening and lymphocytic infiltration of 
alveolar walls. The final diagnosis, supported by spectroscopic examination of the tissue, 
was chronic pulmonary beryllium granulomatosis. (* 60) 
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Conventional ventilatory studies, including maximal breathing, vital, and timed vital 
capacities, residual volume, total lung capacity, and pulmonary mixing index, were within 
normal limits (table 2). During steady exercise (table 3) alveolar oxygen and arterial car 
bon dioxide tensions were normai. The physiologic defect in this patient was demonstrated 
by a decrease of the arterial oxygen tension to 76 mm. of mercury, an increase in the “‘A-A 
gradient,’’ and a Deo reduced to 9.2 ce. per minute per mm. of mercury per m* 


Two weeks following these studies a lung biopsy was obtained (figure 9). The 
final histologic diagnosis was chronic interstitial fibrosis of unknown etiology. 


Case 20. J. M., a #t-year-old man, was admitted to the Massachusetts General Hospital 
three vears ago because of progressive dy sphea, increasing fatigue, and spasmodic cough 
of nine months’ duration 

Ten years earlier, the patient was employed for nine months as a drafteman in a plant 
engaged in the manufacture of fluorescent lamps. He remained well until his present illness 

Physical examination on admission revealed cyanosis of the lips, clubbing of the nails, 
dry rales at the bases of both lungs, and a pulmonic second sound which was louder than 
the aortic second sound. The roentgenogram of the chest showed diffusely dispersed nodules 
throughout both lungs and suggestive hilar lymph node enlargement (figure 10). Extensive 
studies for tuberculosis were negative. The urine contained a trace of beryllium. 

Pulmonary function studies performed at that time revealed a normal maximal breathing 
capacity, slight restriction of the lung volume, marked hyperventilation at rest and during 
of 63 mm. of mereury. A lung biopsy was inter 


exercise, and an exercise “‘A-A gradient” 
preted as showing changes consistent with chronic beryllium granuloma (figure 11). Spee 
troscopic analysis of the tissue revealed 7.9 y of beryllium per 100 gm 

Since then the patient's clinical course has remained essentially unchanged while re 
ceiving cortisone. The most recent ventilatory function test showed essentially no change, 
with normal maximal breathing capacity, one-second timed vital capacity, residual volume, 
and pulmonary mixing index. Vital and total lung capacities were again slightly reduced 
(table 2). Exercise studies (table 3) showed normal alveolar oxygen and arterial carbon 
dioxide tensions. The severely reduced arterial oxygen tension of 47 mm. of mercury re- 
sulted in an “‘A-A gradient”’ of 57 mm. which was practically the same as that determined 
three years ago. The Deo was 4.9 cc, per minute per mm, of mereury per m* 


DISCUSSION 


Clinical evaluation of ventilatory function has been extensively explored by 
many laboratories. These methods are now easily interpreted, many are well 
standardized, and their limitations are generally appreciated. At present a need 
exists for a simple, clinically applicable, quantitative measure of the diffusing 
capacity of the lungs. The only method presently available for the direct estima 
tion of the oxygen diffusing capacity does not qualify in this regard because of 
the many technical difficulties and because of the strict conditions required for 
its basic assumptions to be true. 

The original method proposed for the determination of the Deo (9) was rela- 
tively simple, except for the chemical carbon monoxide analysis. However, it 
was based on certain assumptions which, in the light of present-day knowledge, 
cannot be considered valid. In spite of a recent modification of this single-breath 
technique, which permits a correction for the uneven distribution of the inspired 
gas (22), the present writers have preferred to initiate their studies with ex- 


ploration of the “‘steady-state’’ method. It appears to be more physiologic and 


more directly comparable with other methods used in the evaluation of cardio- 


ty 


AND GAENSLER 


Also, unlike the breath-holding techniques, the method 
requires no active participation by the patient and can be applied during any 


pulmonary function 


degree of activity 


Nevertheless, the present method also presents certain problems which limit 


Although the arterial P.... can be obtained without re- 


its clinical application 


course to the difficult and tedious bubble equilibration technique, precise deter- 


minations of arterial carbon dioxide content and pH are required. The accuracy 


of these measurements is critical because a! 


may result 


in as much as a 20 per cent error in the resting Deo (11). Fortunately, the mag- 


nitude of this error is much less during exercise when tidal volume is increased. 


The value obtained for the Deo also depends on the accuracy of carbon monoxide 


gas analyses. These measurements have been greatly facilitated and improved 


by introduction of reliable infrared spectroscopic methods 


The need for arterial cannulation is another distinct disadvantage. A modifica- 


tion of this method has been reported recently which eliminates this requirement 


(23). The alveolar carbon monoxide tension is measured directly in end-tidal 
With this modification, Deo values obtained on normal 


samples of expired ait 


subjects during moderate exercise were found to be in the same range as those 


reported by Filley and associates (11) and obtained by the present writers. An- 


other possibility of avoiding arterial puncture by using end-tidal carbon dioxide 


tension as identical with alveolar or arterial carbon dioxide tension is now under 


investigation. It is realized that end-tidal samples may be subject to significant 


error, especially in patients with any degree of defective intrapulmonary dis- 


Marked unevenness in distribution of both inspired gas and pulmonary ar 


terial blood in patients with pulmonary emphysema may lead to error in the 


determination of steady-state diffusion measurements (24). The exelusion of 


patients with overt manifestations of emphysema in this study was motivated 


by the intention to correlate the Deo with the histologi appearance of the 


“membrane.” By confining the study to those with essentially normal ventilatory 


function, it was hoped that dyspnea and disability could also be correlated with 


the measured impairment of diffusion 


The major objection to methods involving the breathing of carbon monoxide 


concerns the validity of the assumption that the back pressure of this gas from 


the pulmonary capillary blood is negligible. It has been pointed out repeatedly 


that the carbon monoxide-hemoglobin reaction is sufficiently reversible to pro- 


duce a significant back pressure if the gas is breathed over an extended period 


(25). The procedure used in this study requires breathing 0.1 per cent carbon 


monoxide from the third through the sixth minute of exercise. By use of the 


nomograms of Forbes and co-workers (26), the approximate percentage ot car 
bon monoxide saturation of the blood may be determined. From the carbon 


monoxide saturation obtained in this way, and the known arterial oxygen satu- 


ration and tension, substitution in the Haldane equation (27) provides an esti- 


mate of the arterial carbon monoxide tension or “back pressure.”’ In the normal 


subjects this calculation suggests that by neglect of “back pressure” the re- 
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ported Deo values were underestimated by no more than 10 per cent. An error 
of this magnitude is of little clinical significance. Additional studies are being 
carried out in an effort to determine more accurately the magnitude and sig 
nificance of back pressure 

It has been suggested that the “maximal” diffusing capacity of the lungs de 
creases with age (28). The average age of the patients was ten vears higher than 
that of the normal controls. Therefore, it was questioned to what extent this 
difference alone might have contributed to the lower D.. of the patients. Ac 
cordingly, the predicted “maximal” diffusing capacity tor oxygen, based on 
height and age (28), was caleulated for all male subjects of the study. This aver 
aged 61.9 ce. per minute per mm. of mereury for the normal subjects with a 
mean age of twenty-six years, and 54.9 cc. for the patients with a mean age of 
thirty-six years. Since the predicted value for the patients was only II per cent 
lower, whereas the determined Deo was 50 per cent lower, it would seem that 
the age difference was not an important factor in the results. The significance of 
this comparison is limited because the quoted prediction formula is based on a 
different method, applied to somewhat more strenuous exercise, and may have 
been influenced by the inability of the older normal subjects to exercise 
strenuously. 

Few data are available for comparison with the results of the present study 
because application of the same method has been reported on only two occasions 
(11, 29). Of the eleven normal male subjects studied by Filley and associates, 
nine were exercised at a 6 to 10 per cent grade at 3.5 miles per hour. The mean 
Deo of 18.4 cc. per minute per mm. of mercury with a range of 15.4 to 27.2 (re- 
calculated per square meter of body surface) compares quite well with the mean 
of 17.1 and range of 14.1 to 20.5 (table 3) in the present study, considering that 
a different method of carbon monoxide analysis was used, the different sex dis 
tribution, and the difference in degree of exercise. The single normal individual 
studied during the steady state by Forster and associates at a milder exercise 
had two Deo determinations of 28.7 and 36.4 cc., larger values than the highest 
obtained by Filley (11) and in the present study in a combined experience with 
21 normal subjects. This diserepaney cannot be accounted for by their correction 
for carbon monoxide back pressure. Of the six patients reported (29), none can 
be compared with the present series because they did not exercise at a compara- 
ble degree and all had markedly impaired ventilatory function 

Several of the patients of the present study were referred for disability evalua 
tion in connection with illness following inhalation of potentially harmful mate 
rials (table 1). The precise measurement of subjective complaints was difficult. 
Patients were closely questioned concerning their ability to perform some ac 
tivity common to all, for example, climbing stairs. The answers did not always 
correspond to claimed disability. To illustrate, the foundry worker (Case 7), 
whose job required lifting and carrying of heavy molds, experienced dyspnea 
during this work but was able to climb several flights of stairs without difficulty. 
In contrast, the housewife (Case /), whose teen-aged children performed many 
of her routine duties, had no complaints referable to her daily activities but ex 
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perienced dyspnea while walking up one flight of stairs. Although it was believed 
that all patients cooperated fully during the examinations, it seemed that those 
with industrial exposure tended to emphasize their complaints while those who 
were either self-employed or without chance of compensation tended to minimize 
their symptoms. Observation during standard exercise was not useful in this 
regard because it led to underestimation of the extent of disability in the younger 
more vigorous individuals and overemphasized it in the older or more sedentary 
patients. Figure 5 should be viewed with these limitations in mind. 

Ten of the 23 patients had lung biopsies within a few weeks of the function 
studies, among them the 3 representative cases reported in detail. The histologic 
picture was always quite striking and frequently revealed more marked changes 
than were anticipated from clinical symptoms, from appearance of roentgeno- 
grams, or from results of pulmonary function studies. Often, interstitial infiltra- 
tion, thickening of the “membrane,” disruption of the alveolar pattern, or re- 
placement by silicotic or epithelioid nodules were so extensive as to make it ap- 
pear that the condition could not be compatible with life. It was therefore obvious 
that the specimen was often not a “representative” sample of the lung and that 
collapsed, formalin preparations of small lung biopsies leave much to be desired. 
In most instances the operation was performed to obtain a diagnosis. This 
prompted removal of a specimen which would be most apt to show the patho- 
logic process; in other words, a nodule or the most diseased area. Technical con- 
siderations often led to resection of peripheral and dependent portions of the 
lung which are most likely to show changes due to stasis. 

These problems made it difficult to compare the thickness of the ‘membrane’ 
and to relate the severity of these changes to the determined diffusing capacity. 
In certain cases in which lymphocytic infiltration, fibrosis (figure 9), and even 
hyalinization of the “membrane” (Case 8) predominated, the microscopic pic- 


ture corresponded closely with the physiopathology. In other cases, accompany- 
ing granulomatous changes and scattered epithelioid tubercles were present, but 
the major pathology still centered about the “membrane” (figures 7 and 11). In 
still others the relationship between histologic picture and respiratory disturb- 
ance was more tenuous. When normal parenchymal tissue was interrupted by 
scattered granulomatous nodules arranged around blood vessels or when dis- 
ruption and destruction of the alveolar architecture predominated (figure 7), 
impairment of the diffusing capacity must have been primarily due to reduction 
of the diffusing surface rather than lessened permeability. In the latter type of 
case, the greatest discrepancy was found between the pathologic picture and the 
results of conventional ventilatory studies. It was surprising that massive re- 
placement of lung tissue by coalescing epithelioid tubercles, local emphysema- 
tous changes, narrowing of terminal airways, or hyalinization of lung tissue were 
reflected by nothing more than slight diminution of vital and total lung capaci- 
ties and that speed of air flow, functional residual capacity, and mixing index 
remained within normal limits (table 2). 

Patients with silicosis have been extensively investigated on many occasions 
in the past. Almost without exception dyspnea and disability could be explained 
on the basis of obstructive ventilatory insufficiency. The 2 patients (Nos. 11 
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and 12) with this diagnosis were included here as a matter of interest because 
ventilatory function was essentially normal and because their severe disability 
could be explained only on the basis of the marked impairment of diffusing 
capacity. Further studies of patients of this type appear warranted. 

The uniform diminution of diffusing capacity shown in table 3 would make it 


appear that one of the criteria of “clinical’’ selection, namely diffuse, finely dis 


persed, granular pulmonary infiltration by roentgenogram, was diagnostic of 
“alveolar-capillary block.”’ This is not true because patients with similar appear- 
ing chest roentgenograms but with marked ventilatory insufficiency were ex 
cluded. Comparison of the chest roentgenograms (figures 6 and 8) with corre 
sponding microscopic sections (figures 7 and 9) and diffusion studies (table 3) 
demonstrates that chest roentgenograms may suggest the diagnosis of “alveolar 
capillary block” syndrome but are the least reliable technique at our disposal 
for quantitative evaluation of the physiologic and pathologic abnormality 


SUMMARY 


The carbon monoxide diffusing capacity during steady-state exercise was de 
termined in 23 patients with roentgenographic evidence of diffuse, finely dis 
persed, granular pulmonary infiltration and with dyspnea or disability out of 
proportion to measured ventilatory insufficiency. Patients with complicating 
pulmonary emphysema were excluded from study. Diagnoses of berylliosis, sar 
coidosis, chronic interstitial fibrosis, Hamman-Rich syndrome, silicosis, crypto 
coccosis, and eosinophilic granuloma were established by lung biopsy in 10 cases 
and by other laboratory methods and history in the remainder. Twelve normal 
subjects studied by the same methods were included for comparison. 

Conventional ventilatory function studies, including maximal breathing and 
timed vital capacity, residual volume, and pulmonary mixing index were within 
normal limits. The vital and total lung capacities were slightly reduced in some 
CASCS. 

Treadmill exercise, severe enough to elicit a 3.5-fold increase over the resting 
oxygen uptake, was always accompanied by hyperventilation manifested by an 
elevated ventilation equivalent for oxygen, and was often accompanied by low- 
ered arterial carbon dioxide and increased alveolar oxygen tensions. Despite 
hyperventilation the arterial oxygen tension was reduced and the mean alveolar- 
arterial oxygen “gradient”? was six times greater than normal 

The mean carbon monoxide diffusing capacity (Deo) of the patients was 15.8 
cc. per minute per mm. of mercury + 5.1 cc. while that of the control subjects 
averaged 31.5 ce. + 44 ce. 

A fair correlation existed between diffusing capacity for carbon monoxide and 
subjective complaints although estimation of the latter was difficult in this group 
of patients 

The diffusing capacity for carbon monoxide was examined in the light of histo- 
logic appearance of lung tissue. In most instances the pathologic changes were 
more severe than was anticipated from the clinical, roentgenographic, and physi- 
ologic findings. 

The determination of the carbon monoxide diffusing capacity is a rapid, tech- 
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nically simple method applicable to all degrees of steady-state activity. It 
promises to be of considerable value for quantitative clinical estimation of the 


degree of “alveolar-capillary block 


SUMARIO 


La Capacidad Difusora del Monéxido de Carbono Durante el Ejercicio Continuo, Comparacion 
de loa Hallazqos Fisiolégicos ¢ Histolégic o8 en los Enfermos que Padecen 


de Fibrosis y Granulomatosis Pulmonarea 


La eapacidad para difundir el mondéxido de carbono fué determinada durante el ejercicio 


continuo en 23 enfermos que mostraban signos radiogrdficos de infiltracién pulmonar 


granular, difusa y dispersa finamente y con disnea o ineapacidad desproporcionada a la 


insuficiencia ventiladora medida. Se excluyé a los sujetos en que existia enfisema pulmonar 


como complicacion Diagn mticos de beriliosis, sarcoidosis, fibrosis intersticial ecronica, 


sindrome de Hamman. Kich, silicosis, eriptococosis, y granuloma eosindéfilo se establecieron 


por la biopsia pulmonar en 10 casos y por otros métodos de laboratorio y la historia en el 


incluyeron 12 sujetos normales estudiados con los mismos 


resto. Para comparacion, se 


métodos 
Los estudios habituales de la fume ion ventiladora comprendiendo eapacidad respira 


toria maxima y vital real, volumen residual e indice de mezela pulmonar, quedaron dentro 
kn algunos casos, las eapacidades vital y pulmonar total estaban 


de limites normales 


ligeramente reducidas 
El ejercicio en molino de rueda, de suficiente intensidad para acrecentar 3.5 veces la 


toma de oxigeno en descanso, se acompafié siempre de hiperventilacién traducida por un 


equivalente elevado de ventilacién para el oxigeno, y a menudo acompa hada de tensiones 


menores para el bidxido de carbono arterial y mayores para el oxigeno alveolar. A pesar de 


la hiperventilacién, bajé la tensién arterial del oxigeno y la ‘“‘pendiente” alvéolo-arterial 


media del oxigeno Tué seis veces superior a lo normal 
La capacidad media de los enfermos para difundir el monéxido de carbono (Deo) fué de 
en tanto que la de los testigos 


15.5 ml. por minuto por milimetro de mereurio + 5.1 ml 


promedié 31.3 ml, 4.4 ml 
Hubo bastante correlacién entre la Deo y los sintomas subjetivos aunque en este grupo 


de enfermos resulié dificil apreciar los dltimos 
La Deo fué estudiada a la luz del aspeeto histolégico del tejido pulmonar. En la mayor 


parte de los casos, las alteraciones anatomopatolégicas fueron mas graves de lo que haefan 


esperar los hallazgos elinicos, radiogrdficeos y fisioldgicos 
La determinacién de la eapacidad para difundir el monéxido de carbone es un método 


rapido y téenicamente sencillo aplicable a todo género de actividad continua, que promete 
ser de valor considerable para el edleulo elinico cuantitativo de la intensidad del “hloqueo 


alvéolo capilar 


RESUME 


Capacitlé de diffusion de Voxyde de carbone durant V's preuve d'effort 


Comparaison des physiologiques et histologiques che les malades 


présentant des lésions acléreuses et nodulaires du poumon 


La capacité de diffusion de l’oxyde de carbone au cours de l’épreuve d’effort a été déter- 


minée avee chez 23 malades présentant des signes radiologiques d’infiltration nodulaire dis 


séminée avee dyspnée ou des troubles respiratoires hors de proportion avee le degré d’in 


suffisance de ventilation enregistré. Les malades demphyséme pulmonaire associé ont 


été exclus, Le diagnostic de bérylliose, sarcoidose, sclérose interstitielle chronique, syn- 


drome de Hamman-Rich, silicose, eryptococeose et granulome A éosinophiles furent con 


firmés par la biopsie pulmonaire, dans 10 eas, et par d'autres méthodes de laboratoire et 


les antéeédents, dans les autres cas, Douze sujets normaux étudiés par la mémes méthodes 


ont été inelus dans |'’étude pour comparaison, 
Les déterminations classiques de la fonetion de ventilation, y compris la ventilation 
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maxima, la capacité vitale par minute, le volume résiduel et l’indice du mélange gazeux 


alvéolaire étaient dans les limites normales. La capacité vitale et la capacité totale étaient 


légérement réduites dans certains cas 

L’épreuve de Treadmill, assez intense pour entrainer une augmentation 3 A 5 fois plus 
grande de la consommation de l’oxy gene de réserve, était toujours accompagneée d'une 
hyperventilation qui se manifestait par l’élevation de |’équivalent de ventilation pour 
l'oxygéne et s’accompagnait souvent d’un abaissement de la pression du CO, artériel et 
d’une augmentation des pressions de l’oxygéne alvéolaire. En dépit de l'hyperventilation, 
la pression de |’oxygine artériel était réduite et le ‘gradient’? moyen de l’oxygene alvéolo 
artériel était six fois plus grand que la normale 

La capacité moyenne de diffusion du monoxyde de carbone (Deo) chez les malades était 
de 15,8 ml par minute par mm de Hg + 5.1 ml. tandis que celle des sujets-temoins était en 
moyenne de 31,3 ml + 4,4 ml 

Une assez bonne corrélation existait entre Deo et les troubles subjectifs dont se plai 
gnaient les malades; toutefors, l’évaluation de ces symptémes a été difficile dans ce groupe 
de malades 

Le Deo fut étudié par rapport aux aspects histologiques des tissus pulmonaires, Dans la 
plupart des cas, les modifications pathologiques furent trouveées plus importantes qu'on 
ne pouvait les prévoir d’aprés les signes cliniques, radiologiques et physiologiques 

La détermination de la capacité de diffusion de l’oxyde de carbone est une méthode 
dont la technique est simple et applicable & tous les degrés d’activité constante. Elle promet 
de se montrer d'une valeur considérable pour |’évaluation clinique quantitative du degré 


de “‘hlocage alvéolo-« spill iire.”’ 
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(ddendum 
Since this paper was submitted for publication, it has come to the attention of the 
writers that this subject (B. I the “‘normal hy perventil stor,’’ was in the third month of 
pregnancy at the time the studies were made. Hyperventilation out of proportion to the 
increased Oxy gen requirement was the predominant phy siologic change pre viously observed 
by us during the first trimester of pregnancy in normal women (Cucei., D. W., Prank 
N. R., Gagnsier, A., ann Bapoer, T. L.: Pulmonary function in pregnancy: [. Serial 


observations in normal women, Am. Rev. Tubere., 1953, 67, 568 
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QUANTITATIVE STUDY OF INTRAPULMONARY GAS MIXING 
IN PULMONARY TUBERCULOSIS :* 
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INTRODUCTION 


In some kinds of pulmonary disease, large portions of the lungs may be very 
poorly ventilated. Recently, methods have been described for estimating the 
volume and ventilation rate of lung regions which are much more slowly venti 
lated than the average (1-4). In order to investigate the extent to which pulmo 
nary tuberculosis may cause inequality of gas mixing within the lungs, one of 
these methods has been used to study a group of patients with moderately ad- 
vanced and far advanced pulmonary tuberculosis. The ventilatory function of 
these patients has also been assessed by measurement of the maximal breathing 


capacity and the conventional lung volumes. The results show considerable 


variability, but, in many of the cases, there was marked reduction in the ventila- 
tion of sizable portions of the lungs. 


METHODS 


The method used for measurement of the functional residual capacity (PRC) 
and the volume (Vs) and ventilation rate (Vs) of the slowest ventilated lung 
region (‘slow space’) has been described in detail elsewhere (4) 


The subject first breathes a mixture of 50 per cent helium and 50 per cent oxygen for 
fifteen minutes. At the end of a quiet breath, he is switched to oxygen, and the expired gas is 
thereafter collected for measurement of the total amount of helium which can be washed 
out of the lungs. From this measurement, the functional residual capacity is caleulated, 
as in other open-circuit methods. In addition, the helium concentration in the expired gas 
is continuously followed by a katharometer between levels of 3.30 and 0.05 per cent helium, 
When this “wash-out’’ curve is plotted on semi-logarithmic paper, the terminal portion 
usually falls along a straight line, as illustrated ty figure 1. The emergence of a straight 
line indicates that those portions of the lung which are still exereting helium are behaving 
like a single, homogeneously ventilated portion of the lung, the “slow space.’’ By graphie 
analysis, it is possible to estimate the volume and ventilation rate of this slow space. 
The slow space may be characterized in terms of its relative size and its turnover rate, 
The relative size ‘‘f’’ is the ratio between the volume of the slow space and the functional 
residual capacity. The turnover rate ‘‘k’’ is the ratio between minute ventilation rate and 
volume of the slow space. For technical reasons, it is not feasible by this method to estimate 
the volume and ventilation rate of lung regions having a k greater than 1.0. 
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NORMAL ¢ 24 YEARS 


% HELIUM 


4 
MINUTES 
oF Fic. 1. The helium “washout” curve of a normal subject. The terminal portion of the 
i curve lies along a straight line. This terminal part is the “washout curve’’ of the most 
=" slowly ventilated lung region or “slow space.” The “slow space”’ in this case is estimated 


to have a volume (Vs) of 200 cc. and « ventilation rate (Vs) of 100 ce. per minute 


The vital capacity and its subdivisions and the maximal breathing capacity were meas- 
Predicted values for vital capacity 
All measurements were 


ured with a spirometer in the conventional manner (5 


and maximal breathing capacity were calculated by formula (6 
made with the subjects in the seated position. 


RESULTS 


Observations were made on 21 patients with moderately advanced and far ad- 
vanced pulmonary tuberculosis (National Tuberculosis Association classifica- 


A tion, 1950). Clinical data on these patients are presented in table 1. In addition 
=" to tuberculosis, one patient (No. /) had obstructive emphysema; 3 (Nos. 12, 13, 
ha and /4) had pneumoperitoneum; 2 (Nos. 15 and /6) had had resection of a lung 


segment or lobe; and 5 (Nos. 17-27) had had a thoracoplasty which, in 2 cases, 


was only a first-stage procedure. The most recent surgical procedure had been 
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TABLE 1 
CuinicaL Data on Patients Pu_monary Tusercucosis 


Body Clinical Known 

Num- Surtac lasstficatior Dur 

u ‘ a ira 
— . Age Area (National Tuber tion of Remart 


culosis Association Disease 


Far advanced Bilateral tuberculosis; large eav 


ity right upper lobe: obst ruc 


tive emphysema 


2 E.F F 6 «1.52 | Moderately ad 2 Bilateral upper lobe disease 
vanced 
3 | LM M 44 2.12) Far advanced 5 Bilateral disease; multiple small 
cavities, left upper lobe 
4 | P.L M 4 1.89) Par advanced 3 Right upper lobe fibrotic, ateleec 
tatic; searring, left main stem 
brone hus 
5 | L.H M 44 1.41) Par advanced s Bilateral disease; left upper lobe : 
fibrotic, atelectatic 
6 A.W 1.73 Par advanced Is Extensive scarring, left lung and 
right upper lobe moderate 
stenosis, left main bronchus 
7° DS I 61.44) Par advanced Extensive searring and multiple 
cavities, left lung a 
S TM M 4 2.05 | Moderately ad 4 Left upper lobe disease 
vanced 
9 | M.H I i 1.28 Far advanced l extensive right upper lobe disease 
with cavitation 
EP 20 «1.62 Moderately ad Right lower lobe disease, small 
vanced cavity 
1! A.C Ik 20 1.65 Moderately ad 2 Right upper lobe disease 
vanced 
12 JJ M | 28 1.88 Far advanced 3 Extensive left upper lobe disease 
pheumopertoneum 
13 | JZ M 33 2.02 Moderately ad 1} Bilateral apical and left lower 
vanced lobe disease ntoneum 
14 PM I 23) 1.58 Far advanced 6 Left apical and right lung disease, 
pheumoperntoneum 
16 | J.E M 3) 1.64 Par advanced 5 Left upper lobectomy 5 months 
before 
16 | ALN M 36 1.88) Far advanced 5 Left apical posterior segmental 
resection 4 months before 
17 BW M 4 1.80) Far advanced 2 tight first-stage thoracoplasty 9 
months before 
18 | JS. M 44 2.00) Par advanced 5 Right first-stage thoracoplasty 
one year before 
19 De Ib 25 1.68 Far advanced 7 Left thoracoplasty 7 vears before 
2 | DT F 5) 1.60) Par advanced 27 tight thoracoplasty 17 years be 


fore; cor pulmonale 
21 M «1.80 Par advanced 13 Right thoracoplasty 6 years be 


fore; cor pulmonale 
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TABLE 2 
Luna Vovtumes anp Maximat Breatraing Capacity or PATIENTS WITH 
Putmonary 


Maximal! Breathing 


Vital Capacit 
P Func Total Capacity 
Numt N tional Residual ls RV/TLA 
Liters Per Cent | Capacity L/Min Per Cent 


of Predicted of Predicted 


(thers 


~ 
x 
tw 
> 
= 


ts & 
S 


6s 0.85 $.93 22 74 
4 07 1.25 3.30 38 79 68 
16 A.N. 2.33 1.02 4.06 21 105 81 
17 BW. 2 81 2.98 1.93 5.05 38 48 44 
3.71 3.52 4.65 76 38 31 
1.62 0.85 2.94 29 66 66 
1.44 1.27 1.92 66 17 22 
2 3. j 26 


RELATIVE SIZE AND VENTHLATION 
OF "SLOW SPACES” IN NORMAL SUBJECTS 
AND IN PATIENTS with TUBERCULOSIS 


Fic. 2. Relation between the relative size, f, and the turnover rate, k, of the detectable 
“slow spaces"’ in normal subjects and patients with tuberculosis: f is the ratio of ‘‘slow 
space’’ volume to the function residual capacity, and & is the ratio of the ventilation rate 
of the “‘slow space”’ to its volume. Many of the patients with tuberculosis have relatively 


large spaces with a very slow turnover rate. 


JAG 
| 
- 
2 
be 3 L.M. 5.31 123 
4 | PL 3.52 | 1.43 4.95 20 87 
. 5 L.H. 2.36 64 16 1.00 3.36 30 75 M4 
6 A.W 1.70 24 1.49 3.19 17 41 43 
7 Ds 1.43 ba] 17 | 0.84 | 2.27 37 48 64 
s | TM 3.45 6% 3.23 6.68 is 82 69 
9 M.H. 2.10 0.83 2.93 28 73 130 
EP 2.95 33 3.78 22 09 106 
AC 4.65 127 1.24 5.89 25 101 107 
a 2 | JJ 3.33 75 Oo | 0.53 | 3.86 14 ws 66 
igi 13 IZ 3.91 91 50) 2.83 6.74 42 150 107 
| . . 
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performed three months before the study. Two patients (Nos. 20 and 2/) had 
recently recovered from congestive heart failure. 

The values for lung volumes and maximal breathing capacity appear in table 
2. There was much variability, but the general tendency was toward reduction 
in vital capacity and maximai breathing capacity. In many instances, the total 
lung capacity was smaller than normal. In 10 cases, the ratio of residual volume 
to total lung capacity exceeded 35 per cent; but it exceeded 50 per cent in only 
1 cases, and these included the patient with obvious emphysema and 3 of the 
patients with thoracoplasties. 

The characteristics of the most slowly ventilated lung regions (“slow space’’) 
of these patients are detailed in table 3. There was a very wide range in size and 
ventilation rate of the most slowly ventilated space, but the group as a whole 


showed impaired mixing. This is apparent from inspection of figure 2, which 


TABLE 3 
CHARACTERISTICS OF THE Most Stowty VentTILATED LunG Reoion in PATIENTS witTH 
PuLMONARY TUBERCULOSIS 


Total Vs Ve Helium 


rntilatic 
Number Ventilation Ventilation 


“we Volume of Vas Washout 


ate of 
Slow Space Time* 


Slow Space 

L/Min liters minutes 
8.8 0.46 3.00 

10.5 21 

11 
13 


39 
OS 
36 
65 


7 
” 
7 
5 


16 
17 
18 
19 
20 


21 


0 
2 
0 


37 


Ww 


* Time required for helium concentration in the expired gas to fall from the initial 
value of 50 per cent to 0.05 per cent. This is normally four to six minutes 

t “Washout” curve is not technically satisfactory for estimating the characteristics of 
the “slow space.”’ 

t “Washout” rate is too rapid for satisfactory estimation of the characteristics of the 


slow space.” 


| 
5.10 
2 0.76 
3 L.M 
4 PL 1.03 
5 L.H 1.38 
6 A.W 10 0.34 l 0.32 0.48 11.7 1.50 o 
7 Ds 7 0.19 0 0.53 0.31 6.3 | 0.59 if 
8 TM 12 0.13 0 0.19 0.18 12.0 0.95 4 | 
9 M.H 8 9 
10 12 0 0.24 
1 AC 10 5 | 0.65 aa 
12 JJ 12 met 
13 IZ 0.98 
P.M 8 0.27 
15 Jt 4 0 1.02 ae 
AN 16 0 0.62 
J 13 5 1.36 
DC 9.0 1.35 1.47 0.92 a9 7 
D.T 7 0.33 1.19 0.28 
JW 15 0.50 1.33 0.38 


BLAIR AND HICKAM 


Pia. 3. Case 6, L. H., a 44-year-old male with bilateral disease and fibrosis and atelec- 
tasis of the left upper lobe. The prolonged terminal ‘‘washout"’ curve is produced by a 
“slow space” with a volume of approximately 400 ce. and a ventilation rate of 50 ee. per 
minute 


rs) 4 


MNUTES 


a 28-year-old male with extensive left upper lobe disease and pneu 


Fig. 4. Case 12, 3. J., 
moperitoneum, No “slow space’’ is detectable. The helium “washout” is more rapid than 


normal 
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relates the relative size, f, of each slow space to its turnover rate, k, for the 21 
tuberculous patients and for a group of 24 normal subjects 


In 9 of the normal subjects and in 3 of the tuberculous patients, no slow space 


was detectable (k > 1.0). In the remaining cases, which are plotted on the 


diagram, the values for the tuberculous patients tended to lie above and to the 
left of those of the normal subjects. That is, the tuberculous patients often had 


slow spaces which were relatively large (large f) and, at the same time, rela 


tively slow (small k) 
One way of giving quantitative, though empiric, expression to this tendency 


is by way of the ratio f/k. This rarely exceeded 1.0 in normal subjects, but was 


more than 1.0 in 9 of the tuberculous patients. The 15 normal subjects of figure 


2 with measurable slow spaces had a mean f/k ratio of 046 (S.D. + 0.27). 


while the 18 tuberculous patients with slow spaces had a mean f/k ratio of 


1.27 + 1.13. The difference between these two f/k ratios is statistically sig 


nificant (p < 0.02). 
The variability of the results is illustrated by the contrasting “washout” 


curves of 2 patients with far advanced disease, shown in figures 3 and 4 


DISCUSSION 


The finding that substantial portions of the lung may be very poorly venti 


lated in patients with advanced pulmonary tuberculosis is not surprising. Un 


equal expansion of the lung, with underventilation of some portions, might 


easily result from both parenchymatous and endobronchial disease, In particular, 


pulmonary emphysema of moderate degree often occurs in advanced tuber 


culosis (7-9), and other work has shown that intrapulmonary gas mixing is 


markedly impaired in patients with obstructive emphysema (2, 3, 10 


In many of the present patients, abnormal “slow spaces’ were not encountered, 


and oceasionally “washout” was unusually rapid. This result might be expected 


from simple loss of lung volume and maintenance of the normal total ventilation 


rate, with consequent hyperventilation of the remaining lung 
The ability of advanced tuberculosis to cause both unequal ventilation by 


altering the lung and relative hyperventilation by destroying some lung al 


together probably accounts for the great variability in size and turnover rate of 


“slow spaces.’’ The most common result of these opposing effects is to develop 


large, poorly ventilated lung spaces. The effeet of adding surgical and collapse 


procedures to this complex situation is not easily predictable in out present 


state of knowledge 


SUMMARY 


\ study has been made of intrapulmonary gas mixing in 21 patients with 


moderately advanced and far advanced pulmonary tuberculosis, using a method 


for estimating volume and ventilation rate of the most slowly ventilated portion 


of the lung 
The results show much variability but an over-all tendeney toward abnormally 


unequal mixing, relatively large portions of the lungs having a very slow ventila 


tion rate 
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SUMARIO 


Estudio Cuantitativo de la Mezcla Intrapulmonar de Gases en la Tuberculosis Pulmonar 


Este estudio versé sobre la mezela intrapulmonar de gases en 21 enfermos que tenifan 


tuberculosis pulmonar moderadamente avanzada o muy avanzada, usando un método que 


estimaba el volumen y el coeficiente de ventilacién en la porcién del pulmén que se aireaba 
con més lentitud. 

Los resultados acusan mucha variabilidad, pero una tendencia en general a una mezcla 
anormalmente desigual, con porciones relativamente grandes del pulmén que muestran un 


indice muy lento de ventilacién 


KESUME 


Etude quantitative du mélange gazeur intrapulmonaire dans la tuberculose pulmonaire 


Une étude des échanges gazeux intra-pulmonaires a été faite chez 21 malades affectés de 
lésions pulmonaires modérément avancées ou tres avaneées en utilisant une méthode 


permettant d’évaluer le volume des gaz et la vitesse de ventilation des aires pulmonaires 


ob la ventilation se fait le plus lentement 
Les résultats montrent une grande variabilité, mais il existe une tendance générale 


A une variation anormale du mélange gazeux ainsi qu'une vitesse de ventilation trés réduite 


au niveau d'‘aires pulmonaires relativement étendues 
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THE MANAGEMENT OF SPONTANEOUS PNEUMOTHORAX 
COMPLICATING PULMONARY TUBERCULOSIS' 


KEITH REEMTSMA, ROY H. CLAUSS*, anp ROBERT H. WYLIE 
(Received for publication March 20, 1956) 


It seems reasonable, at all events, that the whole subject (pyopneumothorax) 
should be reconsidered apart from the influence of old established usage and prede- 
liction, especially in view of the recent advance in the treatment of tuberculous 
infection generally. If the outlook in cases of pulmonary tuberculosis is now more 
hopeful than it was a few years ago, there ought to be a corresponding encourage 
ment attending the treatment of its complications—(Finlay, 1908, quoted by 


Berry 
INTRODUCTION 

A review of the 1950-1954 experience of the Bellevue Hospital chest service 
with spontaneous pneumothorax complicating pulmonary tuberculosis forms the 
basis of this report. Earlier series were reported from this service by Berry in 1932 
and by Eglee and Wylie in 1940. It seems pertinent at this time to review the 
current management of these cases and to contrast present methods and results 
with those reported in previous series. 


MATERIAL 


Twenty patients with spontaneous pneumothorax complicating pulmonary 
tuberculosis observed in the chest service of Bellevue Hospital from January 1, 
1950, to December 1, 1954, are discussed in this report. The age range was from 
twenty-three to sixty-nine years, the average age being forty-eight. There were 
only 2 females in the series. Fourteen of the patients were white and 6 were non- 


whites. 
DIAGNOSIS 


The diagnosis of tuberculosis was confirmed in every case by bacteriologic 
methods, the organisms being found in the sputum or gastric washings. Purulent 
pleural exudate with positive smears and/or cultures established the diagnosis 
of tuberculous or mixed empyema. Four patients had only pneumothorax, 7 
did not progress beyond sterile hydropneumothorax, 5 had tuberculous pyopneu- 
mothorax, and 4 had mixed pyopneumothorax. 

The differentiation between spontaneous pneumothorax and persisting thera- 


peutic pneumothorax was not a significant problem, as only one of the patients 
had had previous therapeutic pneumothorax, and in that case a persisting 
bronchopleural communication was demonstrated by manometric studies. 


' From the Department of Surgery, Columbia University, College of Physicians and 
Surgeons; the Surgical Service, Presbyterian Hospital; and the Chest Service, Bellevue 
Hospital, New York 

* Teaching-Resident Fellow of the medical section of the National Tuberculosis Associa- 
tion. 
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METHOD OF TREATMENT 


All patients were admitted to the medical chest service. When patients were 
treated in conjunction with the surgical division, procedures were employed in 
the following order: Appropriate roentgenograms were obtained. Closed thora- 
cotomy was performed with a trocar and cannula, using local anesthesia. A No. 
24 French two-hole catheter was introduced intrapleurally in a dependent site in 
the presence of fluid, and in the second anterior interspace if only pneumothorax 
existed.’ Pleural fluid specimens were collected. Underwater seal drainage was 
begun. In all recent cases, suction drainage was employed. Parenteral penicillin 
was begun. Sputum and/or gastric specimens were collected. Antituberculous 
chemotherapy was instituted when the diagnosis was established or strongly 
suspected. 

The antituberculous chemotherapy consisted of streptomycin-PAS or isoniazid- 
PAS in the usual dosages. These medications were continued as indicated by the 
status of the pulmonary parenchymal disease. Broad-spectrum antimicrobials 
were added or substituted for penicillin as indicated by the clinical course or 
drug-susceptibility tests. Roentgenograms were taken at biweekly intervals in 
long-continued intubations, or forty-eight hours after the intercostal tube ceased 
functioning. The intercostal catheters were withdrawn when permanent expan- 
sion seemed assured. Intrapleural drainage was not discontinued while evidence 
of empyema persisted 
RESULTS 
There were no deaths in this series. Fourteen of the 20 patients responded 
satisfactorily on the program outlined above, requiring no surgical procedure 
other than intercostal tube drainage (table 1). 

The remaining 6 patients in the series of 20 might be termed ‘failures of tube 
therapy” in that further surgical procedures were necessary. These procedures 
included two standard thoracoplasties and one each of the following procedures: 
decortication, segmental resection, thoracoplasty followed by pneumonectomy, 
and pneumonectomy with concomitant thoracoplasty. 


OBSERVATIONS 


Several features in the clinical course of these patients were analyzed in an 
effort to find the causes of success or failure in intercostal tube treatment. These 
features included the degree of collapse on admission, the interval between onset 
of pneumothorax and insertion of the tube, the interval between insertion of the 
tube and re-expansion, the recurrence of pneumothorax, and the presence of 
empyema. 

The degree of collapse on admission varied from 10 per cent to 90 per cent; 
however, there was no correlation between the degree of collapse and the eventual 


outcome. 
By contrast, there were two factors which did favor successful outcome, though 


* A 14-gauge thin-walled needle, through which a plastic tubing is passed, may be used 


when fluid is not present 
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TABLE 1 


PNEUMOTHORAX COMPLICATING PULMONARY TUBERCULOSIS 


CASES OF 


Results of Treatment 


5 sfac 
atisfactory Required Further 
Response with Surgery I 


Tube Alone 


otal 


Pneumothorax only 


Hydropneumothorax (sterile 6 ] 


Pyopneumothorax (tuberculous 


Mixed pyopneumothorax 


TABLE 2 
InrTeRVAL Berween Onset or PNEUMOTHORAX AND INSERTION OF TUBE: CORRELATION 


with Enp Resuits 


Required Further 
Surgery 


Satisfactery Results 
Tube Alone 


with 


Interval less than fourteen days 
Interval more than fourteen days 


Total 


they did not ensure it. The first factor was a short interval between the onset of 
pneumothorax and the insertion of the intercostal catheter (table 2); the second 
was a prompt re-expansion of the lung following tube drainage. 

Twelve of 16 patients treated with intrapleural tubes within two weeks of the 


onset of pneumothorax had permanent re-expansion. Furthermore, 10 of the 12 


patients whose lungs had re-expanded within one week required no further 


surgery. 

It is noteworthy that the appearance of recurrent pneumothorax following 
removal of the intercostal tube did not portend a poor eventual result, although 
the series is admittedly small. Four patients required a second or third tube 


thoracotomy, and all showed complete re-expansion and good eventual result 


with no further surgical therapy. 


DISCUSSION 


The methods of treatment of pneumothorax complicating pulmonary tuber- 
culosis, and the results of such treatment, have undergone drastic changes in the 
past three decades. Fishberg, referring mainly to the pre-1930 era, wrote that 


“an open pneumothorax, permitting entry of the contents of pulmonary cavities 
into the pleura, is almost invariably fatal.’’ Except for relief of tension by tho- 
racenteses, active treatment of these cases was rarely undertaken. 

During the 1930's, many workers approached the problem with more active 
surgical measures. This increase in interest was due to the almost uniformly fatal 
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TABLE 3 


Comparison or Sentes: Bettevue Hosprra, Cugest Service 


Number of Cured Improved Unimproved Died 


Series Case 
ases 


per cont per cont per cont per cont 


Berry (1932) 75 20 5 ° 54.6 
Eglee and Wylie (1940 
I 20 45 25 30.0 
I! 57 18 12 23 47.0 


l 20 75 


Present series 


* Fourteen cases under treatment, lost to follow-up, or not analyzed. 


results in the untreated cases as mentioned above and also because of the appar- 
ent increase in the incidence of pneumothorax complicating pulmonary tuber- 
culosis. For example, Auerbach and Lipstein reported an incidence of 7.8 per 


4 cent of bronchopleural fistulas in a series of 1,000 autopsies on patients with 
pulmonary tuberculosis, and they noted that 80 per cent of the patients with 

' fistulas had had previous therapeutic pneumothoraces. Whether therapeutic 

pneumothorax increased the incidence of this complication is difficult to prove 
a but it is certain that it greatly complicated the differential diagnosis between 


spontaneous pneumothorax complicating pulmonary tuberculosis and persisting 


therapeutic pneumothorax. 
In 1932, Berry reviewed extensively the subject of pyopneumothorax with 


tuberculosis and reported an analysis of seventy-five cases seen on this service 
(table 3). In this series the mortality rate was 54.6 per cent and the cure rate was 
20 per cent. Berry emphasized the importance of prompt tube drainage and 
subsequent thoracoplasty in cases with known fistulas. 

In 1940, Eglee and Wylie reviewed the experience of the same service, studying 
tuberculous empyemas and unexpanded lungs. In a series of twenty surgically 


treated patients with empyema, 45 per cent were cured, 30 per cent died, and 


25 per cent were not improved. In a series of fifty-seven patients with mixed 
empyema, there was a mortality rate of 79 per cent in those treated by intercostal 


drainage or thoracotomy alone, and a mortality rate of 33 per cent in those 
treated by thoracoplasty and drainage. These writers noted that in the patients 
who survived the average time from onset of empyema to cure was three years, 


the average number of operations was between four and five, and Schede thora- 


coplasty was responsible for most of the instances of control of the disease. 
Jones and Alexander reported comparable results and emphasized that the most 
common cause of death in pneumothorax complicating pulmonary tuberculosis 


was rapidly advancing caseous disease. 

It is pertinent to review briefly the pathologic physiology of pneumothorax in 
pulmonary tuberculosis in order to present the rationale for the present method 
of treatment. The usual cause of leakage of air into the pleural space involves 


subpleural areas of caseous pneumonia which extend to the pleura, liquefy, and 
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rupture. A communication between a bronchiole and the pleural space is thereby 
formed which may persist as a bronchopleural fistula or may temporarily seal 
off, resulting in an intermittent air leak. The immediate effect is collapse of at 
least a portion of the lung. Attempts at healing of the fistula begin immediately 
with an inflammatory response at the site of rupture, but this healing is extremely 
slow, if not completely ineffectual, because the area surrounding the leak is 
caseous. Coincident with leakage of air from a ruptured subpleural focus there is 
contamination of the pleural space with tubercle bacilli. Tuberculous empyema 
is the inevitable result in the natural course of this condition. Furthermore, 
continued communication between a bacteria-contaminated bronchus and the 
pleural cavity may lead to a mixed tuberculous and nontuberculous empyema. 

The general aim of treatment is to arrest the natural course of this process of 
caseation-fistula-collapse-empyema in the earliest possible phase. Immediate 
tube thoracotomy should accomplish the following: relief of intrapleural tension, 
obliteration of the intrapleural air space, re-expansion of the lung (with adherence 
of the diseased area the area subject to poor healing —to parietal pleura), and 
drainage of fluid if it occurs. Antituberculous chemotherapy plays a major role 
in favorably modifying the pulmonary parenchymal disease, thereby reducing 
the possibility of progressive caseous disease, the most common cause of death in 
earlier series of cases. Furthermore, penicillin and broad-spectrum antimicrobials 
prevent or modify the formation of pyogenic mixed empyema. 

If closed thoracotomy and suction fail to accomplish these desiderata, then 
consideration should be given, preferably in six to eight weeks, to other and more 
extensive forms of treatment. These methods include the following: definitive 
surgical treatment of the underlying parenchymal disease, i.e., resection; oblit- 
eration of the pleural space by freeing a contracted lung, i.e., decortication; and 
obliteration of the pleural space by some form of chest wall collapse, i.e., 
thoracoplasty, in conjunction with open or closed drainage. 

In 1941 Eglee stated the case for early surgery in cases of pneumothorax with 
empyema: “It is easier to keep aspirating than to make radical decisions. The 
dangerous potentialities should receive more careful consideration in the future. 
I am heartily in agreement that surgical intervention is indicated more often and 
much earlier than has been customary in the past.’’ These observations seem 


equally valid today and perhaps even more pertinent in that antimicrobial 


agents are available for modifying the course of the parenchymal disease and 
reducing the hazards of mixed empyema following tube thoracotomy 

It should be emphasized that tube thoracotomy is no panacea, and undoubt- 
edly the declining mortality in this series compared with previous series is due 
in large measure to antituberculous chemotherapy. The purpose of this report is 
to call attention to early tube thoracotomy as a safe and useful adjunct in the 
management of pneumothorax complicating pulmonary tuberculosis. It has been 
shown to carry a minimal risk of causing mixed empyema; when used early it 
allows permanent expansion in the majority of cases. However, there is a signifi 
cant percentage of cases (6 of 20 in this series) which required further surgery, 
such as resection, decortication, or thoracoplasty. There is suggestive evidence 
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that the early expansion of the lung with tube thoracotomy reduces the number 
of cases requiring these further surgical procedures. 


The genera! aim of treatment in cases of spontaneous pneumothorax complicat- 
ing pulmonary tuberculosis is to interrupt the natural course of the process of 
caseation-fistula-collapse-empyema at the earliest possible phase. Immediate 
closed thoracotomy with suction will provide immediate relief of tension, oblit- 
eration of the intrapleural air space by re-expansion of the lung, and drainage of 
fluid if it occurs, in the majority of cases. Antituberculous chemotherapy should 
be given to control the parenchymal disease and antimicrobials, to prevent 


mixed empyemas 

If closed thoracotomy with suction fails to accomplish these results, considera- 
tion should be given, within six to eight weeks, to more extensive forms of therapy 
such as decortication, resection, or thoracoplasty. 


SUMMARY 


The results of treatment of 20 patients with spontaneous pneumothorax 
complicating pulmonary tuberculosis are presented. Fourteen of the patients were 
treated successfully by tube thoracotomy and chemotherapy alone. Six patients 
required further surgery. There were no deaths. These results are compared with 
previous series reported from the chest service of Bellevue Hospital. 


SUMARIO 


La Asistencia del Neumotérazx Espontineo Cuando Complica la Tuberculosis Pulmonar 


Preséntanse los resultados del tratamiento de 20 enfermos que tenfan neumotérax espon 
taneo como complicacién de la tuberculosis pulmonar. Catoree de los enfermos fueron 
tratados con éxito solamente con la toracotomi{a con sonda y la quimioterapia. Seis enfermos 
requirieron cirugia ulterior. No hubo mortalidud. Estos resultados se comparan con series 
anteriores presentadas por el Servicio Tordcico del Hospital Bellevue 


RESUME 


Mode de traitement du pneumothorax spontané associé 4 la tuberculose pulmonaire 


Présentation des résultats du traitement de vingt malades pour pneumothorax spontané 
associé & une tuberculose pulmonaire. Quatorze de ces malades furent traités avec succes 
uniquement par la thoracotomie par aspiration et la chimiothérapie. Six malades ont da 
étre soumis A une nouvelle intervention. Il n'y a pas eu de décts. Ces résultats sont con- 
frontés avee ceux de séries antérieures ayant été rapportées par le service des maladies 
pulmonaires de |'Hépital Bellevue (New York) 
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GASTROINTESTINAL COMPLICATIONS FOLLOWING SURGICAL 
TREATMENT FOR PULMONARY TUBERCULOSIS' 


A Report on Fifteen Cases 


J. G, CALLANAN?® 


(Received for publication Oetober 17, 1955) 


INTRODUCTION 


Gastrointestinal complications in the form of peptic ulceration of the stomach 
or duodenum after thoracic surgical operations seem to have escaped emphasis 
up to the present. In tuberculous patients, such accidents are doubly unfor- 
tunate in that the lung lesion may be adversely affected as a result. Lane- 
Roberts (1) described unexpected peptic ulcer complications, chiefly bleeding, 
following various types of operations in seven nontuberculous patients. In six 
cases the interval was four to thirteen days after operation; five patients died. 
No record of this complication following surgery for any form of intrathoracic 
disease could be found in the literature, although it has occurred in both tuber- 
culous and nontuberculous cases in this hospital. The present report deals with 
such occurrences in 15 tuberculous patients who underwent either collapse or 


resection procedures. 


PLAN OF INVESTIGATION 


In the period 1949-1954, 27 patients, at the time they were being treated 
for pulmonary tuberculosis at London Chest Hospital, Arlesey, were diagnosed 
as having peptic ulcer of the stomach or duodenum. Twenty-three patients 
underwent some type of surgical procedure for the lung lesion and 15 of these 
patients developed a complication associated with peptic ulcer, viz., bleeding 
from the ulcer in 8 patients and an acute exacerbation of the ulcer without 
bleeding in 7 patients. The main features of the course of these patients are 


presented in the case reports which follow. 


OBSERVATIONS 


Case Reports 


Case 1. A female of forty-nine years first had pulmonary tuberculosis at the age of sixteen 
During the next thirty years the disease had become steadily progressive, involving both 
lungs, more on the left than the right. Streptomycin and para-aminosalicylic acid (PAS) 
therapy had been given more or less constantly since 1950, but the sputum remained inter- 
mittently positive for tubercle bacilli. In 1951, a left eight-rib thoracoplasty was performed 
to control cavitation in the left upper lobe. After this operation, classical peptic ulcer symp- 
toms appeared after a fortnight. In 1949 and 1954 the patient had two bouts of hematemesis; 


on both occasions a gastric ulcer was shown roentgenographically. 


' From the London Chest Hospital, Arlesey, Bedford, England 
* Present address: Thoracic Department, St. Bartholomew's Hospital, at Hill End Hos- 


pital, St. Albans, Herts, England. 
358 


7 — 
} 
if 
J 
4 


ACTIVATION OF PEPTIC ULCER AFTER CHEST SURGERY 359 


Case 2. A young girl of eighteen years had bilateral grossly cavitated pulmonary tuber 
culosis during the previous four years Streptomycin-PAS and, subsequently, isoniazid were 
given continuously in the period from 1950 through 1952. A pneumoperitoneum was in 
duced in 1952. In March, 1953, a five-rib right thoracoplasty was carried out. Fifteen days 
postoperatively the patient collapsed after a severe melena. The hemoglobin fell to 6 gm, per 
100 ml. A barium examination revealed no ulcer or other abnormality. The diagnosis was 
acute gastric erosion 


Case 3. A male of forty-one years had pulmonary tuberculosis for eight years, On admis 
sion to the hospital his chest roentgenogram showed a large cavity in a collapsed right upper 
lobe. In August, 1948, an eight-rib thoracoplasty was performed in three stages. Severe 
exacerbation of his ulcer symptoms took place during the ten days after the last operation 
\ gastric uleer was demonstrated roentgenographically. In 1942, a gastric ulcer and, in 
1945, a duodenal uleer had been found on barium examination. His indigestion continues, 


Case 4. A male, aged forty-one, was diagnosed as having pulmonary tuberculosis in 1952 
His son and sister-in-law had previously been found to have this disease. For nineteen 
years he had suffered from attacks of bronchial asthma. After conventional chemotherapy 
with streptomycin-PAS for a year, a five-rib thoracoplasty was performed in May, 1953. 
In November, 1953, a fluid level reappeared in the Semb space and a fistula was diagnosed 
Tubercle bacilli reappeared in the sputum. On admission to the hospital in December, 1953 
the patient was toxic, and tubercle bacilli were isolated from the Semb space fluid. Repeated 
aspirations were done and isoniazid and streptomycin were instilled into the space. Sub 
sequently, streptokinase-streptodornase was used and cultures of the fluid were negative 
for tubercle bacilli in March, 1954. In May, 1954, however, the fistula reopened and the 
right lower lobe bronchogenic spread occurred Streptomycin by the oral route to a total 
of 128 gm. and isoniazid (400 mg. a day) were continued and, on October 11, another rib 
was resected to reduce the volume of the extrafascial space. On November 5, the patient 
had melena and a hematemesis of 1,200 ml. This was satisfactorily controlled with blood 
transfusion. Barium meal examination on January 5, 1955, showed no abnormality, The 
patient stated he had controlled “dyspepsia” with alkalies during the preceding three years 


In each of the following cases, a chronic duodenal ulcer was found. 


Case 5. A man, aged thirty-eight, an author, had had pulmonary tuberculosis since the 
age of twenty-nine years. He was treated first with a right artificial pneumothorax followed 
by a right phrenic crush. When he was seen in 1953 his chest roentgenogram showed an ex 
cavated right upper lobe with evidence of healed infiltration in the rest of the right lung 
A right-sided tuberculous empyema was present. Since 1951 he had suffered from recurrent 
attacks of indigestion due to a roentgenographically proved duodenal ulcer. In October, 
1953, he underwent a right upper lobectomy with decortication of the remainder of the lung, 
with a satisfactory recovery. However, his indigestion symptoms have increased since opera 


tion despite all standard medical measures, and his weight is stationary 


Case 6. A man, aged fifty, was diagnosed as having a duodenal ulcer in 1944 following a 
hematemesis. Bleeding was repeated in 1951 and in 1952. He also had intermittent “‘indiges 
tion.”’ Eventually, a partial gastrectomy was done in November. 1952, following the last 
hematemesis. During the patient's follow-up in 1949, a chest roentgenogram showed the 
presence of pulmonary tuberculosis, with right upper lobe cavitation and left lower lobe 
infiltration. After a period of postural retention, together with routine streptomycin-PAS 
therapy, a two-stage seven-rib thoracoplasty was performed in December, 1950. T'wo weeks 
afterwards the patient had a hematemesia requiring blood transfusion of 1,400 ml. A barium 
examination at that time confirmed the existence of a chronic duodenal uleer 


Case 7. A man, aged forty-six, had a history suggestive of peptic ulcer during the previous 
eleven years. At the age of thirty-eight he developed pulmonary tuberculosis of a severe de 
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gree. Bilateral involvement existed, with a grossly cavitated left upper lobe. In 1949 a five- 


rib thoracoplasty was performed, but his sputum remained positive for tubercle bacilli de 


spite continued antitubereulous chemotherapy. In June, 1953, a left pleuropneumonectomy 


was performed uneventfully However, two weeks later, he had a severe exacerbation of symp 


toma. Barium examination confirmed the presence of a chronic duodenal ulcer 


Case & A male, thirty «ix years old, described himself as ‘‘a chronic worrier.’’ He also suf 


fered from reeurrent asthma attacks. From the age of twenty he had episodic bouts of in 


digestion, epigastric postprandial pain, and had received relief from alkaline medicines 


In 1951 «a duodenal uleer was found roentgenographically. At the same time he was found to 


have bilateral infiltration of the upper lobes, with tubercle bacilli in the sputum. Following 


streptomycin-PAS therapy, a five-rib thoracoplasty was performed in April, 1954. He had 


a marked exacerbation of ulcer aymptoms after the first stage, and barium examination con 


firmed the presence of a chronie duodenal ulcer 


Case 9. A woman of forty four years gave a history of postprandial pain and vomiting when 


she was twenty-four years old. This continued for some months. Vague “‘indigestion’’ has 


recurred at intervals since. When she was thirty-one she had pneumonia and a right pleural 
effusion. Her health remained good until 1951 when, after malaise and recent weight loss, 
a chest roentgenogram revealed cavitation in the right upper lobe with infiltration 
throughout most of the left lung. In 1951 she was given streptomycin-PAS therapy; a 
pneumoperitoneum was kept up for a year Because of roentgenographic deterioration of 


the tuberculous process, she was again admitted to the hospital in 1954, when the same 


chemotherapy was given. In November, 1954, a right five-rib thoracoplasty was carried 


out successfully. A hematemesis occurred thirteen days after operation, controlled by medical 


measures. Barium examination was reported as showing a chronic duodenal ulcer 


Case 10. A man of sixty-two years had had a perforated duodenal ulcer in 1930, which was 


treated by repair of the perforation with a posterior gastroenterostomy. He has had inter 


mittent attacks of indigestion symptoms since, particularly in 1942, 1943, and 1951. He has 


continued to diet all of his life. Following ‘‘pneumonia”’ in September, 1954, a chest roent 


genogram revealed a shadow in the apex of the left lower lobe. A bronchogenic carcinoma 


was considered the likely diagnosis, and a left pneumonectomy was carried out in Novem 


ber, 1954. The histologic diagnosis was chronic fibrocaseous tuberculosis. A severe eracerba 


tion of gastric aymptoms followed operation for about a month 


Case 11. A male, aged twenty-four, had four episodes of epigastric pain after meals which 
lasted for several weeks during 1953. Barium examination showed a duodenal ulcer to be 
responsible. He had been followed as a contact for eight years. In 1954 his chest roent geno 


gram showed cavitation in an area of previous right upper lobe infiltration. Streptomycin 


PAS was given for nine months. This therapy had been combined with a pneumoperitoneum 


and right phrenic crush. A thoracoplasty involving five ribs was undertaken in November, 


104, as the cavity was not fully controlled. After each operation he developed severe classical 


indigestion for ten days, requiring a full medical gastric regimen to control the symptoms, 


Case 12. A man, fifty-three years old, had had bilateral pulmonary tuberculosis with cavita 
tion in the upper lobes since 1942. After eight months of streptomycin-PAS therapy, he 


was assessed as being fit to undergo a left thoracoplasty. On October 22, 1953, a three-rib 


thoracoplasty was performed but left lower lobe spread of the tuberculosis was noted a 


week later. On November 12, melena and hematemesia appeared. At this time the patient's 


hemoglobin was 7.2 gm. per 100 ml. during the next seven days. Twelve pints of blood were 
transfused without altering the hemoglobin level. On November 18, 1953, he had another 


severe hematemesis, and a partial gastrectomy was earried out \ posteriorly situated 
chronic duodenal ulcer was found. Later the patient admitted to having had intermittent 
episodes of “‘indigestion’’ and vomiting since 1938. He is still having antituberculous chemo 
therapy, but the left side had deteriorated up to May, 1955 (figures 1, 2, and 3 
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Fie. 1 (Upper left). Roentgenogram obtained on October 21, 1953 


Caace 1? 


Fic. 2 (Upper right toentgenogram obtained on November 12, 1953, after first stage 
thoracoplasty. Left lower lobe epread had oceurred although the sputum was negative 
for tubercle bacilli 


Fic. 3 (Lower Roentgenogram obtained on December 12, 1953 


Case 13. A male, aged fifty four years, stated he had experienced reeurrent “indigestion” 
for twenty years and that between 1950-1954 he had three hematemeses. Roentgenographie 
examination was made in 1951 when the patient's daughter was found to have pulmonary 
tuberculosis. He was found to have a cavitated right upper lobe. During the period 1951 

1954 he received intermittent streptomycin, PAS, and isoniazid therapy. On February 
17, 1954, he underwent a right upper lobeetomy. On March 27, 1954 he had a hematemesis 
of 450 ml. The hemoglobin concentration was 7.4 gm. per 100 ml. As his condition did not 
improve, a partial gastrectomy was performed on March 29, 1954, when a posteriorly 
situated duodenal uleer was found. A roentgenogram obtained on May 11, 1054 showed a 


spill into the axillary segment of the left upper lobe (figure 4). The patient was receiving 
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Pia. 4. Case 13. Roentgenogram obtained on May 11, 1954. A right upper lobectomy 
was performed on February 17, 1954; a partial gastrectomy, on March 29, 1954. Contra 
lateral spread of tuberculosis into the axillary segment of the lingula is shown 


streptomycin and isoniazid at the time of the hemorrhage. His condition remains unaltered 
in Mareh, 1055 


Case 14. A female, aged forty-six, was found roentgenographically to have a duodenal ulcer 
in 1934, following a history of indigestion for some years. Since 1947 she has had progressive 
bilateral pulmonary tuberculosis. From March, 1953, up to the present she has been re 
ceiving streptomycin and isoniazid in conventional dosages. On November 19, 1053, a 
four-rib first-stage thoracoplasty was performed. A hematemesis of 1,100 ml. occurred on 
Vovember 28, 1963, when a blood transfusion of 1,500 ml. was given. A barium examination 
confirmed the presence of a duodenal ulcer. On January 22, 1954, she developed homolo 
gous serum hepatitis with jaundice, Serial roentgenograms have shown progressive de- 
terioration up to April, 1955 (figures 5 and 6). 


Case 15. A male, aged fifty-one, had had “pneumonia’’ in 1950 when pulmonary tuber 
culosis was diagnosed. Isoniazid-streptomycin-PAS therapy was given for ten months. 


The patient also had a right artificial pneumothorax which was abandoned after nine months. 


In March, 1954, his sputum again became positive for tubercle bacilli and he was re-started 
on chemotherapy which eventually totaled 239 gm. of streptomycin with simultaneous 
PAS and isoniazid. When the patient was admitted to this hospital, a collapsed right upper 
lobe with healed infiltration in the right apical lower and left upper lobes was shown on 
roentgenographic examination. On March 16, 1955, a three-rib right thoracoplasty was per- 
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Kia. 5 (Left Preoperative roentgenogram obtained on November 5, 1053 
Fic. 6 (Right toentgenogram obtained fifteen days after four-rib thoracoplasty and 


six days after hematemesis. Deterioration has again occurred in 19055 


but the next day he had a hematemesis of 275 ml. He was tender 


formed without incident 
in the epigastrium and frightened. He now admitted he had a history of postprandial pain 
for five years, but no duodenal uleer was demonstrated roentgenographically. After the 
present episode, a barium examination did confirm the presence of a deformed duodenal 
cap. His recovery was straightforward and the thoracoplasty was completed on March 
30, 1955 


DISCUSSION 


The purpose of this communication is to record an occurrence which is prob- 
ably not rare. Pulmonary tuberculosis frequently affects the male population 
more than thirty-five years of age, the same age group in which chronic or 
recurrent peptic ulcer is not uncommon. In this case study of 13 male and 2 
female patients the types of ulcer diagnosed were as follows: Two acute erosions, 
one chronic gastric ulcer, 11 duodenal ulcers, and one mixed duodenal and 
gastric ulcer. No particular pattern of tuberculous lesions was constantly present. 

The relationship between the development of peptic ulceration and pul- 
monary tuberculosis has been studied by several authors (2-11), with contra- 
dictory results and uncertain conclusions. In the period surveyed nineteen other 
patients treated at the London Chest Hospital, Arlesey, developed pulmonary 
tuberculosis at or after operations on the stomach and duodenum. The average 
interval between the two events was twenty-two months. The practical point 
of interest which emerged on review was that of these nineteen patients only four 
obtained chest roentgenograms at the time of elective gastric surgery and, in two, 
old infiltration considered inactive was noted. 

Surgical operations are not the only stimuli which produce either bleeding or 
exacerbations in these patients. Fear, mental depression, oral chemotherapy, 


and continuous postural retention have done so in this hospital. Nor is any 
particular type of operation responsible. It has not been possible to incriminate 
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any individual drug with certainty. The only common factor can best be summed 
up in the word “stress.”’ Wolf and Wollf (12) have shown how responsive peptic 
ulceration may be in such circumstances. 

Most of the complications oecurred ten to fifteen days after operation, but 


the acute erosions appeared earlier, as illustrated in the case reports. The exact 


pathogenesis is still speculative. 
In some cases it is conceivable that an increased excretion of cortisone or 


cortisone-like products which has been shown to follow operative trauma (15, 


14) may have been responsible, but no explanation to cover all examples is 


available. 
Once a complication, particularly gastrointestinal hemorrhage, has developed, 


a grave emergency is present. The bleeding ulcer may not be easily controlled. 
Prolonging parenteral blood and other therapy beyond a few days may lead to 
severe biochemical disturbances in patients already ill from a thoracic surgical 


procedure, If a partial gastrectomy becomes necessary, a deterioration in the 


tuberculous lung condition is almost certain to follow. Cases /2 and /.3 illustrate 


this point. Moreover, as shown in Case /4, even when no gastric surgery is 


carried out, complications of the chest operation are much more likely to occur, 


viz., atelectasis, spread of disease. Furthermore, it may be necessary to post- 
pone a second planned thoracie operation owing to the appearance of an ulcer 
complication. Although no death occurred in the present series, the writer has 
been informed of one case recently when the patient died of rapid extension 


of his tuberculosis after a delayed partial gastrectomy. 
The best approach to treatment of this group of patients ideally is one of 
prevention. People suffering from these two complaints are generally under the 


separate care of two doctors and each physician or surgeon tends to concentrate 
on his share of the double responsibility. It would seem, on the evidence here 
presented, that a much closer search for a history of indigestion ought to be 
carried out by the physician dealing with the iung lesion. Admittedly, of a 
large group of patients with pulmonary tuberculosis, a small percentage only 
will also have a peptic ulcer. But it is essential to have established the presence or 


absence of a peptic ulcer in these patients before embarking on pulmonary surgery; 


and following the diagnosis adequate medical ulcer treatment ought to precede 


lung surgery, if any evidence of activity is established. 
Once serious bleeding has occurred, it would seem advisable not to delay 


gastric surgery if it is clear that simple measures are not wholly successful. 
Particularly is this so when the possibility of a chronic ulcer in the older pa- 
tient is the problem. Recurrent severe bleeding is common in this type of patient 


(Case 12). 


Awareness of the possibility of a peptic ulcer’s becoming active when surgery 
is undertaken for pulmonary tuberculosis will enable the physician to prevent 
it. It would repay him to seek positively in the patient’s history for any symp- 
toms suggestive of peptic ulcer; in doubtful cases a barium examination should 
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be done. Many of these patients will pass off or minimize their indigestion com- 
plaints, attributing them to PAS or other cause. If an ulcer is discovered, routine 


antacid therapy with sedation should be instituted until the disappearance of 


symptoms, usually only a matter of two weeks or so. Safe surgery is then pos- 
sible, as found in the last 8 cases in this series. 


SUMMARY 

Of 23 patients with peptic ulcer, who underwent a thoracic surgical procedure 
for pulmonary tuberculosis, 15 developed a complication of the ulcer, viz., 8 had 
bleeding, 7 had acute exacerbations of symptoms without bleeding. 

The importance of establishing the diagnosis of peptic ulcer before under- 
taking chest surgery is illustrated. Failure to do so can lead to deterioration in 
the lung lesion. A therapeutically controlled peptic ulcer will permit lung surgery 
with safety. 


SUMARIO 


Compl aciones Gastrointestinales Consecutivas al Tratamiento Quirtrgico por Tuberculosia 


Pulmonar: Presentacion de Quince Casos 


De 23 enfermos con dlcera péptica, que se sometieron a un procedimiento quirdrgico en 
el térax por tuberculosis pulmonar, 15 manifestaron una complicacién de la dleera, a saber, 
8 tuvieron hemorragia y 7 exacerbacién aguda de los sintomas 

Se acentda la importancia de establecer el diagnéstico de Gleera péptica antes de empren 

der cirugia tordcica. FE] no hacerlo puede conducir a deterioro de la lesién pulmonar, Una 
Glcera péptica terapéuticamente dominada permitira ejecutar cirugia pulmonar con 
pel I ) 


inocuidad. 


RESUME 
Complications gastro-inteatinales conaécutives au traitement chiruracal pour tuberculone 


pulmonaire rapport sur quinze casa 


Parmi 23 malades atteints d’uleéres peptiques ayant été soumis A une intervention 
chirurgicale pour tuberculose pulmonaire, 15 ont présenté une complication de l'uleére 
8 avaient des hémorragies et 7 une brusque exacerbation des symptémes 

L’importance de |'établissement du diagnostic d’uleére peptique avant d’entreprendre la 
chirurgie thoracique est illustrée. Négliger de le faire peut conduire A l'aggravation de la 
lésion pulmonaire. Le contréle thérapeutique de luleére peptique permet d’entreprendre 


la chirurgie pulmonaire avee sécurité 
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INTRODUCTION 


Experience with the surgical resection program in pulmonary tuberculosis, 
begun at this hospital in 1949, led to consideration of the possibility of bilateral 


lung resection as a planned procedure. The very low operative mortality, freedom 


from complications, and good clinical results in patients with unilateral resections 


treated with four months or more of preoperative antimicrobial therapy gave 


support to this approach. The advantages of bilateral resection, particularly for 


patients with known cavitary disease and persistently infectious sputum, ap 


peared obvious. In essence, what had proved a good surgical approach for uni 


lateral disease seemed equally applicable to bilateral disease. 
Since 1951, staged bilateral resection has been planned for all but a few cases 


when first presented for surgical consideration at the regular medical-surgical 


conferences. The initial consideration and decision for bilateral resection has 
shown itself to be a prerequisite for sound surgical judgment and planning, par 
ticularly when extensive disease on one side is being considered for resection 


despite diminished pulmonary function. 
The basis for resection was the extent of residual involvement after anti- 


microbial therapy although not all patients were treated to the point of roentgeno- 


graphic stability and reversal of infectiousness, particularly if cavitary lesions 
persisted. Medlar (1-3) has indicated the potential danger of residual caseous 


foci larger than 0.5 em., particularly in the upper lobes of the lungs. In the 


resection study program at this hospital, nodular lesions of more than 1.0 em. 


in diameter, or contiguous lesions of a similar extent, were considered mini- 
mal indications for resection. Thus, it is apparent that this group of resections 


represents a selected series. 


PLAN OF STUDY 

Criteria for Bilateral Resection “ 

The criteria for selection of cases for bilateral resection fell into four major 

categories, of which the first two were the most important. a 

(1) Patients with sputum or gastric washings persistently positive for tubercle bacilli, : 

persistent cavitation, or roentgenographic evidence of instability of the lesions after six ‘ 

months or more of chemotherapy. : 

(2) The extent of residual disease, particularly if allied with atelectasis, fibrosis, or ; 

' From the Medical Service (Pulmonary Disease Section) and the Surgical Service ; 
(Thoracic Surgery Section), Veterans Administration Hospital, and the University of 

Minnesota, Minneapolis, Minnesota. 
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other destructive process in the lung. Residual disease after known previous episodes of 
exacerbation was considered a strong indication for resection 

(3) The age and potential productivity of the individual patient. It is believed that 
younger men who are just beginning their life work or those established in occupations 
and with family responsibility (usually less than fifty years of age) should have the advan- 
tage of resection to avoid possible future relapse 

(4) Public health risks and the patient who continues to discharge tubercle bacilli in 
the sputum. Resection provided these patients with the possibility of returning to their 
homes or communities without the restrictions or stigma of the “good chronic.”” Resee 
tional therapy also offered to the patient without a home or family the possibility of liv 
ing in a domiciliary or other arrangement outside the hospital, with obvious social benefits 
for the individual and a considerable saving in the cost of hospital care. The reversal of 
the infectiousness of the “floater” or the recalcitrant patient could occasionally be accom 


plished, with evident benefit to the public 


Most of the cases fell into these specific categories, although there was frequent 
overlap among these criteria 

The timing for surgery has generally depended upon attainment of the reversal 
of infectiousness and the maximal anticipated roentgenographic clearing. How- 
ever, the risk of significant drug resistance after six to eight months of therapy of 
the patients who continue to discharge tubercle bacilli has led to an earlier sur- 
gical approach in many instances. The presence of an unclosed cavity is especially 
prone to lead to the emergence of drug-resistant strains of tubercle bacilli. Since 
early 1953 it has been the practice at this hospital to ensure that surgery is not 
delayed beyond the sixth month of chemotherapy if cavitation and tubercle 
bacilli in the sputum persist. This policy has applied to the indications for uni- 
lateral, as well as bilateral, resection. 

Noneavitary lesions have also been resected in patients who continued to dis- 
charge tubercle bacilli if bacteriologic “conversion” could not be obtained after 
six months of chemotherapy. The increasing use of bronchography, with Dion- 
osil” as the opaque agent, has frequently demonstrated well-advanced bronchi- 
ectatic changes in the area of residual disease as a probable source of tubercle 
bacilli. The frequency of bronchial communication with large caseous nodules 
demonstrated in resected tissue, often with soft or liquid centers, has also given 
added support to the policy of surgical excision when a satisfactory result has 
not been reached after six to eight months of chemotherapy. 


Selection of the Side for the Initial Resection 


The selection of the side for the first resection depends upon the extent of 
disease in either or both lungs. With one side extensively involved, necessitating 
resection of several segments or a lobectomy, it is preferable to resect the less 
involved lung initially. This allows the lung, after postoperative recovery, to 
carry the major respiratory function during surgery of the more involved side. 
In a few instances in which pulmonary function has been critical, the more 
involved side has been chosen for the initial approach in the event that only one 
opportunity for resection might be available. 

When both lungs are relatively equally involved by extensive disease, the 
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choice of the side for initial resection has usually been that for which the least 
resection is contemplated and in which function appears best. Fluoroscopic 
examinations of diaphragmatic excursion and chest wall motion, in addition to 
timed vital capacity and exercise tolerance, have been helpful. Bronchospirometry 
has its greatest value in this group. Where involvement has been equally exten- 
sive bilaterally and function appears to be approximately equal, but one side 
has cavitary disease or marked bronchiectatic change, the choice has usually 
been to resect that side first. 

The patient with bilateral involvement of moderate extent rarely offers any 
problem in the selection of the side for initial resection. Impaired diaphragmatic 
function on one side might indicate initial resection on the unimpaired side, but 


the situation has usually been one of “dealer's choice.”’ 


Evaluation of Pulmonary Function 


The evaluation of pulmonary function has been largely clinical. In each in 
stance ventilatory ability has been estimated by the determination of the timed 
vital capacity (one second and total) and fluoroscopy of the chest. General cardio 
respiratory function has been evaluated by direct observation of the patient as 
he walks on the level and as he climbs one or two flights of stairs while engaged in 
conversation. Ability to walk 50 to 100 yards at a normal pace, followed by 
climbing one or more flights of stairs at a moderate speed while talking, that 
results in none or very slight dyspnea was considered a very satisfactory index of 
respiratory function. Dyspnea on level walking and inability to climb one flight 
of stairs or marked dyspnea after climbing one flight of stairs were considered 
contraindications to surgery. Many of the earlier patients in the series had 
bronchospirometry and other ventilatory studies as an aid in evaluation, but it 
was found that clinical judgment based upon respiratory ability under exercise 
is a valid and less involved guide to the screening of patients for surgical risk 
related to respiratory function. Bronchospirometry and similar studies are now 
employed only rarely as an aid in the selection of the patient for pulmonary 
resection. 

Several reports of bilateral lung resection for tuberculosis, employing both 
staged and simultaneous bilateral surgery, have appeared (4-8). Except for 
Kraan (8), there are no studies of pulmonary function before and after both 
resections. His studies in six patients, including bronchospirometry prior to and 
after each stage of resection, revealed surprisingly little loss of function provided 
resection was limited to the most diseased portion of the lung. The clinical 
results in the present studies would substantiate these findings. None of the 


patients has become a respiratory cripple in the sense of confinement to a bed or 


chair, or other marked limitation of activity. Three of the patients less than 
forty years of age and 3 in the group more than forty are limited to sedentary 
occupations since resection. In view of the extent of their disease, it is hardly 
likely that they could have done more had they not had resectional surgery. 
The majority have been able to return to previous oecupations without notable 
limitation of activity. 
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The extent of pulmonary function studies between stages depended upon the 
margin of safety noted in the initial studies. Early ambulation after surgery was 
encouraged whenever possible to promote optimal return of respiratory function. 
Careful anesthetic control with effective respiratory exchange during surgery 
was a vital adjunct to the safety of the patient with limited respiratory ability. 


Interval Between Stages 


The time between stages has gradually decreased as experience has increased. 
The earliest cases were patients whose resectional surgery on the second side 
became almost a last resort, as the result of the continuing discharge of tubercle 
bacilli despite continued chemotherapy, or those in whom tubercle bacilli reap- 
peared in the sputum and whose disease did not respond to further chemotherapy. 
The possibility that the tubercle bacilli were being discharged from the side of the 
previous resection was always first thoroughly explored by tomography, bron- 
choscopy, culture of bronchial washings or material aspirated from each side of 
the bronchial tree, and bronchography. 

The interval between stages in the earlier cases averaged twelve months, and 
ranged from nine to eighteen months. The excellent response of the majority of 
the patients to the operative procedures and their uneventful postoperative 
courses have shortened the interval between stages to six to eight weeks. The 
average time between resections for all cases is four months, with a range of one 
to eighteen months. In the period from July, 1954, to July, 1955, the average 
time between stages was two months. 


OBSERVATIONS 


Bilateral pulmonary resections were performed in 60 patients after preoperative 
chemotherapy. These were included in the entire experience of 533 resections in 
the period January 1, 1951, to July 1, 1955. These 120 (60 bilateral) resections 
represent approximately one-fourth of all resections done in this period. The 
first procedure of a planned bilateral resection was done in February, 1951. 
Three bilateral resections were done in 1951; 9, in 1952; 30, in 1953; 11, in 1954; 
and 7, to July 1, 1955. 

All patients in the series were white males. The average age was thirty- 
three years, with a range of twenty to fifty-eight years. Forty-six patients (77 
per cent) were less than forty years old at the time of resection. 

There were 31 patients with moderately advanced tuberculosis and 29 with 
far advanced disease at the beginning of chemotherapy. Far advanced disease 
was more frequent in the group less than forty than in the older age groups. 

Antimicrotial therapy: ‘The duration of preoperative chemotherapy varied 
from one to nineteen months, with the largest number of patients receiving five 
to eight months of therapy (see table 3). The group receiving more than one year 
of preoperative chemotherapy consisted, with one exception, of those with far 
advanced disease. Chemotherapy after surgery has been continued for a minimum 
of six months in all cases, with a total duration of at least one year. Since 1954, 
the minimum total duration of chemotherapy in the resection series has been 
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TABLE 1 

ComBinations or Luna Seaments Excisep in 60 PutmMonary Resecrions 
Number 

Lobectomy and lobectomy 

Lobectomy and segmental 

Lobectomy and subsegmental 

Segmental and segmental 

Segmental and subsegmental 

Subsegmental and subsegmental 


Total 
eighteen months. Antimicrobial therapy has been assigned by random selection 


from the protocols of the Veterans Administration-Armed Forces Cooperative 
Study, employing chiefly streptomycin, para-aminosalicylic acid (PAS), and 


isoniazid in double-drug regimens. 
Type and extent of resections: The type and extent of resections in the series 


are shown in table 1. The listing is arranged according to the largest single 
anatomic unit resected on each side, but does not reflect additional segments 
or subsegments that may have been resected. Resections limited to a single lung 
segment were actually few. The apical and posterior upper lobe segments were 
most frequently involved and resected. Wedge resections and nodulectomies are 
grouped under the subsegmental resections, but have been few in the past two 
years due to preference for resection along anatomic planes. Such anatomic 
dissection gives better vascular control, removes the bronchial segment leading 
to an area of disease, and allows more adequate closure and control of air leaks, 

There were 15 unilateral lobectomies of which 14 were of the right upper lobe 
and one of the right middle lobe. A three- or four-rib thoracoplasty was done in 6 
instances, concomitantly with resection, due to failure of the remaining lung 
tissue to expand adequately to fill the space after lobectomy. There was one 
bilateral upper lobe lobectomy, with concomitant four-rib thoracoplasty on one 
side. The writers have not routinely performed thoracoplasties after lobectomy 
for some time, unless needed to close the space. The patients without thoraco- 
plasty have had normal postoperative and subsequent courses and have been 
spared any possible additional limitation of pulmonary function from the pro- 
cedure. Three other patients in the series required three- or four-rib thoraco- 
plasties concomitantly with resection of less than lobe segments as space- 
filling procedures. Neither phrenic crush nor pneumoperitoneum was considered 
necessary as a temporary space-filling procedure. 

Postoperative complications: There was a total of 28 postoperative complica 
tions in this series, 12 in the group of initial resections and 16 among the second- 
stage resections (table 2). The complication rate of 25 per cent among the 120 
resections is directly comparable with that for the entire series of resections at 
this hospital, indicating that bilateral resection carries no unusual or added risk. 
There were no deaths in this series. 

The largest single group of complications was that of persistent or recurrent 
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TABLE 2 
or Postorerative Comptications tx 60 BILaTeRAL 
PuLMONARY Resecrions 


Second Resection 
Number 


First Resection 
Number 


Persistent or recurrent pneumothorax 


(air leak 5 2 7 
Bronchopleural fistula without infee 

tion 2 1 3 
Bronchopleural fistula with infeetion 0 3 3 
Wound infection l 5 6 
Hemothorax 2 
Respiratory acidosis and pulmonary 

edema 0 


Atelectasix« 


Total 


air leaks after surgery, requiring either a somewhat longer duration of catheter 
suction or the reinsertion of catheters to re-expand the lung. Persistent air leaks 
or pneumothorax of more than two weeks’ duration, without other complication, 
have been classified as bronchopleural fistula without infection. There were 3 such 
cases, 2 of which required subsequent thoracotomy for lung suture. There were 
also 3 instances of bronchopleural fistula with infection, each following a second 
resection. Two of these occurred after lobectomy and one after a segmental 
resection. Two of the 3 patients in this latter group had bacilli resistant to two 


or more antimicrobial agents. 

There were 6 cases of wound infection, of which 5 were entirely minor. Post- 
operative atelectasis responded to bronchoscopic aspiration in each instance. 
There were no instances of parenchymal spread of disease following either stage 
of resection. The incidence of complications was greatest following the second 
resection and appears to coincide with the writers’ approach to the less involved 


side for the initial operation. 

Bacteriologic studies: Complete bacteriologic studies of the resected tissue were 
available from all 60 bilateral resections. Of the 120 specimens, there were 25 in 
which direct smear of the tissue or acid-fast stain of the fixed tissue failed to 
reveal acid-fast bacilli. This was noted in each of the bilateral resections in 4 
patients, and the remaining 17 were from either of the two resections in as many 


patients. In 3 specimens the smears or tissue stains were negative for acid-fast 


bacilli, but typical organisms were subsequently found on culture of the tissue. 


In the remaining 22 tissue specimens with negative smears, the cultures were 


likewise negative for tubercle bacilli. 

A positive culture or guinea pig inoculation, or both, for tubercle bacilli from 
the resected tissue was obtained in 20 instances. Although the resections were 
almost equally divided between those with either moderate or far advanced 
disease, the number with such positive findings was markedly greater in those 
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TABLE 3 
DisTRiBuTion or Positive BacrerioLogic Finpines 1x Resecrep Tissue Basen Upon 
Srace or Resection anno Exvent or Disease 


| 
Moderately Advanced j Far Advanced Total 
Total 
Preopera- 
| First Resection 
esection Resection Resex tions Positive 
ourse Number Number 


| First Resection 


Number Positive® Positive Number Positive Positive 


months 

O4 13 
58 13 
9-12 4 
13-18 
194 0 


* Culture or guinea pig inoculation of resected tissue positive for tubercle bacilli 


with far advanced disease, being 15 (75 per cent) of the total of 20 (table 3). The 
positive findings (positive by culture or guinea pig inoculation) among those 
receiving antimicrobial therapy for more than eight months prior to resection 
were limited almost entirely to the far advanced group. The extent of pre- 
operative chemotherapy among the group can also be noted from this table 

In only 2 of the 60 patients were positive findings obtained from the resected 
tissue from both lungs. Cavitary lesions were present bilaterally at surgery in 
each of these patients and both had tubercle bacilli in the sputum before each 
stage of surgery. In 9 patients tubercle bacilli were cultured from the tissue 
from the first resection but not from the second. In 7 other patients these findings 
were reversed, The remaining 42 patients had no positive findings from either 
resection. Fifteen patients were discharging tubercle bacilli at the time of the 
first resection, but only 8 continued in this infectious status up to the second 
resection. 

There were 20 lesions resected which were cavitary at surgery and these 
yielded 8 (40 per cent) of all positive findings of tubercle bacilli. All but one of 
these lesions were in the far advanced group. Of the total of 100 noncavitary 
lesions at surgery, only 12 (12 per cent) yielded tubercle bacilli on culture. These 
data confirm previous reports of the predominance of positive findings in the far 
advanced group, as well as the influence of persistent cavitary disease upon the 
finding of culturable tubercle bacilli in resected lesions (9) 

Follow-up observations: It has been possible to obtain adequate follow-up 
information on all of the patients in this series, including interval sputum or 
gastric cultures for tubercle bacilli and roentgenograms of the chest. The duration 
of follow-up has been for not less than six months to more than forty months, 
with an average of twenty-four months after the second stage. Only 3 patients, 
all with very extensive bilateral disease, continued to discharge tubercle bacilli 
after the second resection. Two of these patients had each developed a post- 
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operative bronchopleural fistula which healed slowly. Both patients were also 
known to have tubercle bacilli resistant to several antimicrobial agents. The 
third patient had residual tuberculous bronchitis and marked saccular bron- 
chiectasis of the remaining lung segments. All 3, by virtue of time and continued 
chemotherapy, have had negative sputum cultures for tubercle bacilli for six 
months or more. There have been no bacteriologic or roentgenographic relapses 
in any of the remaining 57 patients following the second resection and initial 


‘conversion.”’ 


sputum 


— Excluding the 3 cases noted above, the immediate and sustained rate of sputum 
ao “conversion” in this series was 95 per cent. This initial rate of “conversion” is 
: = equal to that obtained at this hospital with unilateral resection alone. Despite 
ae 4 4 this very favorable result, the existence of bilateral disease must in itself be 


considered a possible hazard to the continued maintenance of this high rate of 


arrest. 


SUMMARY 


Bilateral resection in pulmonary tuberculosis appears to be a safe and practical 
approach in the therapy of the disease. A low rate of significant surgical complica- 
tions was encountered, without operative or other mortality, in a series of 60 
bilateral resections. The initial bacteriologic “conversion” rate for the series was 


95 per cent and has been maintained. Bilateral resection offers an additional 


therapeutic approach in selected cases in which sputum “conversion” has not 


been achieved by other methods of therapy. 


SUMARIO 


La Reseccién Bilateral en la Tuberculosis Pulmonar con Observacién Subsecuente 
de Sesenta Enfermos 


La reseccién bilateral en la tuberculosis pulmonar parece constituir una senda inocua 
y practica en la terapéutica de la dolencia. En una serie de 60 resecciones bilaterales, se 
observé un indice bajo de importantes complicaciones quirdrgicas, sin mortalidad opera- 
toria o de otro género. EF) coeficiente inicial de viraje bacteriolégico en la serie fué de 95 
por ciento, y ha sido mantenido. La reseccién bilateral ofrece otro aborde terapéutico en 
casos seleccionados en los que no se ha obtenido en otra forma el viraje bacteriolégico 


del esputo 


RESUME 


Resection bilatérale dans la tuberculose pulmonaire et observation post-opératoire 
de 60 malades 


La résection bilatérale dans la tuberculose pulmonaire paraft étre un moyen pratique 
et sfr d’aborder le traitement de |'affection. Le pourcentage de complications chirurgicales 
importantes observé est faible, sans mortalité opératoire ou autre dans une série de 60 
résections bilatérales. Le taux initial des ‘“‘négativations’’ bactériologiques du crachat pour 
la série était et demeure de 95%. La résection bilatérale ouvre une voie thérapeutique 
additionnelle dans une sélection de cas of la “négativation’’ bactériologique du crachat 


ne pouvait étre obtenue 
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INTRODUCTION 


The bacteriologic condition of tuberculous pulmonary lesions has been studied 
extensively in the last five years as a consequence of the availability of lesions 
excised as a therapeutic measure from patients in varying stages of pulmonary 
tuberculosis. Critical examinations have been made of the effect of preopera- 


tive chemotherapy and of the pathology of resected lesions on the presence and 


apparent viability of tubercle bacilli within the lesions (1-3). The need for 
evaluation of all preoperative factors is evident in order to permit establishment 


of accurate criteria for surgical decisions (4). Such evaluation should also yield 


insight into the mechanism of healing of tuberculosis. 
In 1952, Medlar, Bernstein, and Steward (5) discussed the unexpected finding 
of numerous lesions which contained many acid-fast bacilli which failed to grow 


on culture. Since that time these observations have been confirmed by a number 


of workers. Studies have shown these bacilli to be incapable also of producing 


disease in guinea pigs (6). “Closed” lesions exhibit this phenomenon much more 


frequently than do open cavities (1, 5, 7), and its significance has been the sub- 


ject of much discussion (8). 
The fact that antibacterial drugs are not the sole cause of occurrence of these 
nonculturable bacilli was shown by Beck and Yegian (6), as well as by Medlar’s 


group (5), when they found these organisms in lesions of patients who had had 


no preoperative chemotherapy. It has been observed in this laboratory also 


that viable, and visible but nonculturable tubercle bacilli have occurred in the 
same proportions in patients with and without a history of preoperative treat- 


ment with chemotherapeutic agents. 

Hobby and associates (9, 10) have reported on a technique employing mul- 
tiple washings and long-continued incubation of large volumes of inocula in 
liquid medium which subsequently yielded higher numbers of positive subcul- 
tures than are obtained by most workers. They postulated that the technique 
might be instrumental in reactivating dormant bacilli. Raleigh and co-workers 
(11) were unable to reproduce these results, employing the liquid culture method 
in parallel with standard culture methods for tubercle bacilli. 

In attempting to evaluate environmental factors in old tuberculous foci on 
death or dormancy of bacteria contained therein, Dubos (12-14) determined 
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that oxygen deficiency, high carbon dioxide concentration, low pH, and pres- 
ence of aliphatic organic acids caused death of tubercle bacilli in a few weeks. 
All of these factors occur in necrotic closed lesions. Wayne (15) found no evi- 
dence of modifications of gaseous tolerance or requirements in tubercle bacilli 
in necrotic lesions, although Schaefer (16) and Griffith (17) have observed 
strains requiring carbon dioxide. 

A number of preoperative factors may be correlated with the results of bac- 
teriologic examination of resected tuberculous pulmonary tissue. Chief among 
these are roentgenographic bacteriologic studies. It is the purpose of this paper 
to present the results of bacteriologic examination of resected tissue as a fune 
tion of the time interval between the most recent isolation of tubercle bacilli 
from sputum or gastric washings, whether by microscopy or culture, and sub- 
sequent surgery. This period will be referred to as the preoperative “conversion 
interval.”’ The majority of the patients included in this survey of 155 consecu- 
tive pulmonary resections, performed at the San Fernando Veterans Adminis- 
tration Hospital between November, 1952, and November, 1955, had received 
antibacterial drugs for various terms prior to surgery. Seven patients had no 
history of preoperative chemotherapy. No attempt was made to distinguish 


between patients on various drug regimens or other therapeutic measures; the 


main purpose of this phase of the study was to determine the role of sputum 
“conversion” in the visibility and culturability of tubercle bacilli in excised 


tissue. 


MATERIALS AND METHODS 


Surgical specimens were examined on the day of surgery as soon after removal of the 
tissue as was possible Discrete lesions were treated separately alt hough occasional clusters 
of small nodules were treated collectively 

The resected tissue was subjected to routine gross and histopathologic examination to 
determine the nature of the lesions. The preoperative roentgenograms were also reviewed 

From each lesion or cluster of nodules to be examined, a section, including contents, wall 
and immediate peripheral tissue, was excised with a flamed knife. The usual specimen aver 
aged from 100 to 500 mg. in weight. Each specimen was homogenized in two to five volumes 
of sterile aqueous 0.5 per cent bovine albumin V* solution in a Pyrex tissue grinder. No di 
gesting agent was used, since, with proper technique, contamination of speciinets Was not 
a problem. Digesting agents have some inhibitory effect on tubercle bacilli and thus de 
crease the sensitivity of culture techniques 

Three drops of the homogenate were inoculated on to Lowenstein Jensen egg medium, 
and Petragnani egg medium in 15 ml. preseription bottles. An aliquot of inoculum of the 
same size as was plated to each medium (standard inoculum) was smeared uniformly on a 
glass slide and fixed with heat. Guinea pigs were also inoculated but, as the procedure 
vielded no more information than did the cultures, the results will not be considered in 
detail in this report 

Other tubes of media, containing drugs for direct susceptibility tests, as well as special 
ingredients under study for effect on growth of tubercle bacilli, were also inoculated, but 
these also shall be presented in a future report. 

The smears were stained by a modified Ziehl Neelsen method and examined for acid fast 
bacilli; the total numbers of acid-fast bacilli in the original inocula were estimated to the 


nearest power of ten 


* Obtained from Armour Laboratories, Chicago, Ilinois 
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The cultures were examined weekly for twelve weeks. The number of colonies of M 
tuberculosis was estimated to the nearest power of ten. Confluent growth was arbitrarily 
assigned a value of 10* colonies 

Por each lesion yielding any culturable bacilli, the ratio of the number of visible bacilli 
to the number of culturable bacilli in the standard inoculum was determined. 

The interim between the last preoperative sputum or gastric lavage which contained 
tubercle bacilli and the time of surgery was determined from the clinical charts of the 
patients considered. Growth either in culture or in guinea pigs or the detection of acid-fast 
bacilli on microscopy were recorded as the most recent positive result. No attempt was 
made to differentiate between the three procedures, as early examination of the data showed 
the resulta by all these methods to be comparable in significance 

In evaluating the bacteriologie condition of a patient’s lesions, the status assigned to 
a patient from whom more than one lesion was removed in a single operation was that of the 
‘most positive’ lesion. The data from a given patient were evaluated on the basis of that 
‘most positive’ lesion only, and the bacteriologie data on “‘lesser’’ lesions were omitted 
from the study. Three classifications were used: patients whose bacilli were culturable 
(culture or guinea pig) regardless of visibility, patients whose bacilli were visible but not 
eulturable, and patients in whose tissues neither visible nor culturable organisms were 
demonstrated 

The resected specimens were divided into two main groups on the basis of “open’’ and 
“closed”’ lesions; if a specimen had any “‘open’”’ lesions, it was classified as “‘open,’’ regard 


less of the concomitant presence of ‘“‘closed’’ lesions 


Definition of “Open” and “Closed” Lesions 


The terms “open” and “closed” have been used so loosely by many authors 
that a re-definition is indicated. Despite their common usage as equivalent, an 
“open” lesion need not be one that is gas containing or cavernous and a ‘‘closed”’ 
lesion need not be one that is solid or not gas containing. At best, the terms 
are relative and their definitions depend upon the mode of examination of the 
bronchi leading to the diseased area, whether the examination is gross or 
microscopic, and upon the concepts of the examiner. 

From the microscopic standpoint, very few caseous foci indeed are truly 
“closed,”’ for all lesions show some degree of bronchiolar or bronchial ulceration 
and so have some degree of access to air. From the gross standpoint, however, 
the amount of air reaching the caseous area may be so small and the amount 
penetrating into the mass so negligible that, for practical purposes, the lesion 
may be considered analogous to being “closed,” that is, having a minimal 
degree of contact with bronchial air. To complicate matters still further, prob- 
ably most foci show periods of being open and closed, depending upon varying 
degrees of concomitant bronchial stenosis due to tuberculous bronchitis and to 
the presence of secretions. 

In the case of cavities, an “‘open’ 
with the bronchial tree and is gas containing, whereas a blocked cavity does 
not communicate freely with the bronchi. Such a cavity may contain gas or be 
completely filled with debris and caseous material. If the block is intrabronchial, 
then no air reaches the cavity; but, if the block is intracavitary, air may get to 
the cavity but not info it so that only a very small area of the contents is ex- 
posed to air. An intermediate type of block probably accounts for the gas- 
containing type of cavity known as the “tension” cavity. Even so-called “open” 


cavity is one which communicates freely 
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cavities may show periods of being “open” and “closed"’ (18). Thus, a gas- 
containing cavity may be “open,” or blocked, or partially blocked (tension); 
and even an intracavitary type of block may allow bronchial air right up to its 
contents. 

In the case of solid lesions which do not show gas-containing areas and which 
do not represent blocked cavities, one must consider both the nature of the 
nodules with respect to their solidity and the status of the bronchi. The solidity 
of the nodules may range from a marked hardness to an almost thin liquid 
state, and the same nodule may show varying degrees of firmness within it. In 
fact, some may show such a thin liquid center that they appear on roentgeno- 
grams as rarefactions and simulate cavities. The bronchi to the solid nodules 
may be occluded by bronchitis or secretions before reaching the actual caseous 
foci or may be patent and extend up to the caseous material. Air may thus get 
to the lesion but not within it. Thus, even solid lesions may be associated with 
open or closed bronchi, and the term ‘closed lesion” is a relative one, denoting 
that only a minimal amount of air gets into the area and probably none into 
the caseous mass. 

Therefore, in this study, the term ‘closed lesion’? was used to include gas- 
containing cavities with blocked bronchi, debris-filled cavities with blocked or 
patent bronchi, and solid nodules with either blocked or patent bronchi. The 
term “open lesion” included only gas-containing cavities with patent bronchi 


RESULTS 
The findings will be presented according to the distribution of the patients 


with respect to “open” and “closed”’ lesions and the bacteriology of the speci- 
mens; quantitative studies of culturable and of visible bacilli will also be pre- 


sented. 


Distribution of Patients According to Nature of Lesions, Preoperative 
“Conversion Interval,”’ and Bacteriology of Lesion 


The patients were grouped into two main classes on the basis of the nature 
of lesions found in the resected tissue. One group included all patients having 
at least one “open” lesion. The other group included specimens containing only 
“closed”’ lesions. 

The patients in each of these two classes were then subgrouped according to 
the preoperative “conversion interval.” Four groups were established as follows 


for each class: 


0 to 2 months: Patients who had tubercle bacilli in the sputum within the 2 
months immediately prior to surgery. 

2 to 4 months: Patients who had tubercle bacilli in the sputum between 2 and 4 
months prior to surgery, but whose sputum had been negative during the 2-month 
immediately preoperative period 

4 to 9 months: Patients whose sputum had been negative for tubercle bacilli 
for more than 4 but less than 9 months immediately prior to surgery 

More than 9 months: Patients whose sputum had been negative for tubercle 
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TABLE 1 
or Patients Accornpine To “Oren” orn “Crosep” Lestons 
AnD Preorerative “Conversion Invrerva.”’ 


Patients with “Open"’ Lesions Patients with “Closed” Lesions 


Preoperative “Conversion Total Number 
Interval of Cases 


Number Per Cent Number Per Cent 


month: 


0 to 2* 34 ON 16 32 
Zto4 19 3 16 16 
tto9 32 7 22 25 78 
More than 9 2 53 


* Patients discharging tubercle bacilli at time of surgery or within 2 months prior to 


surgery 


bacilli for more than 9 months preoperatively, including 8 who had never had 


sputum with demonstrable bacilli 


The distribution of patients according to lesion type and the preoperative 
“conversion interval” is shown in table 1. It should be noted that 11 patients 


(24 per cent) of the 45 “open” cases, had negative bacteriologic findings for 


more than 2 months prior to surgery. 
A further tabulation was made on the basis of the bacteriology of the lesion. 


Three classes were recognized: 


1. Viable bacilli recovered: Specimens in this class yielded tubercle bacilli on 
direct culture or, in 2 cases, on subculture from infected guinea pigs. In only 3 


cases were viable bacilli recovered from specimens in which acid-fast bacilli 


could not be demonstrated on microscopy. Therefore, these were not classed 


separately from those which were positive by microscopy and culture. 
2. Bacilli visible but not culturable: Specimens in this class contained acid-fast 


bacilli which could be seen on slides in small to large numbers, but which did not 
grow in culture or infect guinea pigs. In 5 of these cases, the bacilli were seen only 


in tissue sections; and in the remaining 66, they were visible on direct smear 
3. No bacilli demonstrated: This group includes all specimens which were nega 
tive on microscopy, tissue section, culture, and guinea pig inoculation 


The bacteriologic findings in the specimens with “open” lesions are presented 
in table 2. All of these yielded visible bacilli, and 84 per cent of them yielded 


culturable bacilli. 
The findings in the specimens with the closed lesions are shown in table 3. 


Acid-fast bacilli were seen on microscopy in 64 cases and, in 35 cases, tubercle 


bacilli were cultured from the lesions. In 11 instances, no bacilli were demon- 
strable by any of the methods used. It is to be noted that the longer the pre- 
operative “conversion interval,” the fewer were the patients whose tissues 


yielded culturable bacilli. 
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TABLE 2 
Tue Occurrence or Parients Having “Oren” Lestons Waicn 
Baciiu, sur NoncuLTURABLE No Grourep AccorDING 
ro Preoperative “Conversion Inrervat” 


Number of Patients Vielding Per Cent of Patients Vielding 
Preoperative “Conversior 
terval Cults sible 
In er al u ar Vi ‘ ulturable ith 


able Bacilli 
Bac ili Only Bac illi Bacilli Only 


Visible 


No 
Bacilli 


monmin 
0 to 2* 
Ztod 
More than 9 


Total 3S st 


Patients discharging tuberele bacilli at time of surgery or within 2 months prior to 
surgery 


TABLE 3 
Tue Occurrence or Parrents Having “Crosep” Lesions Onty, Waren 
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Quantilative Studies on Culturable Tubercle Bacilli lsolated from 
Resected Specimens 

The actual numbers of visible and culturable bacilli recovered from standard 
inocula were known for 66 of the 73 specimens which yielded some culturable 
tubercle bacilli. The actual ratio of numbers of visible to numbers of culturable 
bacilli in each of these specimens was thus also known 

“Open” cases: Of 36 “open-lesion” cases for wheih data were available, 30 were 
in the 0- to 2-month preoperative “conversion interval” group. The median 
values of the logarithms of the numbers of visible bacilli, of culturable bacilli, 
and of the ratio of visible to culturable bacilli were plotted on the left side of 
figure 1. Of interest is the fact that the ratio of visible to culturable bacilli i 
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Fie. 1. Quantitative relationships between numbers of visible and culturable tubercle 
bacilli recovered. All specimens in the groups analyzed in this figure yielded some culturable 
organisms and are grouped according to preoperative ‘‘conversion interval.’”’ 


this group was less than 10:1, i.e., it approached unity, and the organisms oc- 
curred on the order of 10,000 bacilli per standard inoculum. In the remaining 
6 “open” cases, with a preoperative “conversion interval” exceeding 2 months 


(not shown in figure 1), the median visible to culturable ratio was also less than 
10:1, but the organisms occurred on the order of only 10 bacilli per standard 
inoculum. It is possible, therefore, that these patients had actually been excret- 


ing bacilli up to the time of surgery, but that so few were present in the lesion, 
and thus in the sputum, that they were not detected in the clinical laboratory. 
“Closed” cases: There were 30 “closed-lesion” cases for which quantitative 


data were available. The distribution of the cases according to preoperative 


“eonversion interval” was as follows: 


0 to 2 months: 7 cases 


2 to 4 months: 


6 cases 
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4 to 9 months: 7 cases 


More than 9 months: 10 cases 


The median values of the logarithms of numbers of visible bacilli, of culturable 
bacilli, and of the ratio of visible to culturable bacilli for the various preopera- 
tive “conversion interval’ groups in the ‘“‘closed”’ lesion series were plotted on 
the right side of figure 1. In these “closed’”’ lesions, the number of culturable 
bacilli was on the order of 10 regardless of the preoperative “conversion inter- 
val.”” The visible bacilli occurred on the order of 10,000 per standard inoculum 
in the 0- to 2-month group and decreased logarithmically to a level of about 10 
bacilli in the groups “negative” more than 4 months. The ratio therefore showed 


a curve parallel to that shown by the visible bacilli. 


Quantitative Studies on Visible Bacilli in Lesions Which Yielded No 
Culturable Organisms 


The actual numbers of bacilli seen in specimens were known in 56 of the 71 


cases yielding visible bacilli only. In contrast to the situation observed in speci- 


mens yielding some culturable bacilli, the number of bacilli seen in “noncul- 


turable”’ cases appeared to be independent of the absence or presence of “open’ 


cavity. Therefore, the “open” and “closed” lesion data were combined and 


grouped according to the preoperative ‘‘conversion interval’’ as follows: 


0 to 2 months: 7 cases 
2 to 4 months: 7 cases 
4 to 9 months: 16 cases 


More than 9 months: 26 cases 


The median values for the logarithms of the numbers of acid-fast bacilli seen 
per standard inoculum in each preoperative ‘‘conversion interval” group are 
plotted in figure 2. It is to be observed that the numbers of organisms were 
fairly constant on an order of 10,000 bacilli per inoculum, 


10’ 


id} 
10°} -BACILLI- 
VISIBLE BUT 


NOT CULTURABLE 


4é 


-MONTHS-~ 
PRE-OPERATIVE 
CONVERSION INTERVAL 


Fic. 2. Numbers of acid-fast bacilli seen in specimens from which no organisms could be 
cultured. 


< 
383 
j 
4 
= 
on 
ne 
= 


WAYNE AND SALKIN 


DISCUSSION 


All of the data analyzed here indicate that there is a continuous relationship 
between duration of sputum negativity for tubercle bacilli and the physiologic 
state of the bacilli in the lesions, particularly “closed” lesions. As might be 
anticipated, and as shown in tables 2 and 3, the longer a patient has been non- 
infectious in the period prior to surgery, the less likely are fully culturable 
tubercle bacilli to be found in the lesions. However, “closed”’ lesions from pa- 
tients whose sputum has been negative for tubercle bacilli for 6 months or more 
still yield culturable bacilli in more than 20 per cent of the cases studied. 

Examination of figure | suggests a sequence of bacteriologic events in the 
healing lesion. “Open” lesions, yielding bacilli in the sputum, contain about 10* 
bacilli per standard inoculum, and about half of these visualized bacilli in a 
given lesion are readily cultured. Once the lesion “closes,” however, even in 
patients with a recent “positive” sputum, the number of readily culturable 
organisms drops drastically, although there is no significant reduction in the 
numbers of bacilli seen on direct microscopy. At this point, only one bacillus 
of every thousand seen on microscopy may be cultured by standard methods. 
Then, as more time passes, there is no further reduction in numbers of cultur- 
able bacilli, but the numbers of visible bacilli decrease until there are only about 
10 to be seen per standard inoculum; the ratio of visible to culturable bacilli 
approaches the order of one to one. Thus, after about six months of sputum 
negative for tubercle bacilli the bacteriologic condition of the lesion appears to 
stabilize, and the few bacilli surviving to this point are in a state of full via- 
bility. 

The discussion above dealt only with patients yielding culturable organisms 
from the resected lesion. In figure 2 an analysis is presented of an entirely differ- 
ent phenomenon. In the resections graphed here, tubercle bacilli were seen on 
direct microscopy, but none grew on culture medium or in guinea pigs. The 
striking feature in this group is the fact that there was no evidence of decrease 
in numbers of bacilli seen on direct smear, with increasing preoperative ‘‘con- 
version intervals.” Furthermore, “open” and “closed” lesions exhibited the 
same numbers of visible bacilli. The median number of bacilli seen in these 
lesions, regardless of the preoperative “conversion interval,” ranged to the value 
of about 10‘, i.c., approximately the same number as were seen in “open posi- 
tive” lesions, and “closed positive” lesions in patients with less than a 2-month 
preoperative “conversion interval.”’ The fact that there was no apparent reduc- 
tion of visible bacilli in these cases yielding no culturable organisms suggests 
that these bacteria were subjected to different inactivating forces than were 
those wherein lysis appears to have occurred. 

Hobby and associates state (9), “Although in many instances the surviving 
microbial cells appear to be in a suppressed metabolic state, if such a state 
exists, it is obviously reversible.” In this laboratory this statement has not been 
confirmed; however, the special technique of Hobby was not used in the study 
reported here, although such a study is presently in progress. It may be sig- 
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nificant that Hobby also states (19), “Acid-fast bacilli were detected on mi 


croscopy in sixty-one of the seventy-five lesions. The organisms were sparse 


In the present cases with visible but nonculturable tubercle bacilli, the speci- 


mens were numerous and thus may represent a type of case not included in her 


series. In any case, regardless of whether these “nonculturable”’ bacilli are dead 


or dormant, the evidence does appear to favor the interpretation that they are 
in a different state than the bacilli from the other group which tend to lyse 
after death. 

A very important question thus remains to be resolved. It may be assumed 


that the sparse but culturable bacilli in certain old closed lesions are capable of 


reactivating disease. Are the numerous but only visible bacilli in other lesions 
also capable of reactivation? It is believed that this question is still open and 


an answer will be needed in order to evaluate the role of various types of thera- 


peutic measures used in the management of residual lesions 


SUMMARY 


The bacteriology of resected tuberculous lesions has been studied qualitatively 
and quantitatively against the period of time since the patient’s sputum was 


positive for tubercle bacilli prior to surgery. 
A positive correlation exists between the recency of sputum positive for tu- 
bercle bacilli and the likelihood of finding culturable bacilli in the resected 


tissues. 
A quantitative sequence of events is also presented. In “open” lesions large 


numbers of bacilli are found, many of which are fully viable. Immediately after 


blockage of the lesion, the numbers of culturable bacilli decrease, and in subse 


quent months the visible but nonculturable bacilli tend to disappear 


A class of patients also exists from whom culturable organisms are not ob- 


tained but whose lesions exhibit fully as many acid-fast bacilli on microscopy 


as do active “open” lesions. The numbers of bacilli observed in lesions of this 


class do not appear to be affected by the age of the lesion 


SUMARIO 


La Bacter tologia de las Lesiones Pulmonares Tuberculosas Resecadas 


IT. El Efecto del Intervalo Tranacurrido entre el Viraje del Es puto y la Cirugia Subsiquiente 


La bacteriologia de las lesiones tuberculosas resecadas fué estudiada cualitativa y cuanti - 
tativamente en relacién con el tiempo transcurrido desde que el esputo de los enfermos 7 
fuera mds recientemente positivo para bacilos tuberculosos antes de la cirugia ue 
Existe una correlacién positiva entre la fecha en que el esputo fuera positive reciente 4 
mente para bacilos tuberculosos y la probabilidad de descubrir bacilos viables en los tejidos ee 
resecados 
También se presenta un orden cuantitativo de los acontecimientos, Ion las lesiones 5 
abiertas, se encuentran grandes cantidades de bacilos, muchos de los cuales son plenamente ; 
viables. Inmediatamente después del bloqueo, disminuye la cantidad de bacilos cultivables : 
y en los meses subsiguientes tienden a desaparecer los “espectros’’ Acidorresistentes 
Existe ademds una clase de enfermos de los que no se aislan microbios viables, pero que ; 


manifiestan en los frotes tantos bacilos Acidorresistentes como las lesiones abiertas activas 
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La cantidad de bacilos observada en las lesiones de este género no parece ser afectada por 


la edad de la lesién. 


RESUME 


La bacteriologie des lésions pulmonaires tuberculeuses réséquée 8: 


I. Effet de Vintervalle entre la négativation du crachat et l'acte chirurgical ultérieur 


La baetériologie des lésions tuberculeuses réséquées a été étudiée qualitativement et 
quantitativement par rapport A la notion de temps écoulé entre le moment le plus récent 


ot l'expectoration des malades était positive pour le bacille tuberculeux et l’intervention. 
Une corrélation positive existe entre la date ultime du crachat positif pour le B.K. et la 


possibilité de découvrir des bacilles viables dani les tissus d’exérése 
Un état de la succession quantitative des phénoménes est également présentée. Dans les 


lésions ouvertes on trouve un grand nombre de bacilles dont beaucoup sont complétement 
viables. Immédiatement aprés le blocage, le nombre de bacilles cultivables décroit et, dans 


les mois qui suivent, les ‘“‘fantémes’’ acido-résistants tendent A disparaitre 


Il existe également une classe de malades chez lesquels on ne peut recueillir de bacilles 


vivants, mais qui ont au moins autant de bacilles acido-résistants dans les étalements que 


lorsqu’il s’agit de lésions ouvertes en activité. Le nombre de bacilles observés dans les |é 


sions de cette catégorie ne parait pas affecté par l’Age de la lésion 
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INTRODUCTION 


The presence of apical bronchiectasis in pulmonary tuberculosis is well es- 
tablished as a common finding, although there is a variation in reported incidence 
ranging from 40 to 8O per cent (1-6). The most extensive report concerning seg- 
mental bronchial disease in pulmonary tuberculosis is that of Olson and co- 
workers (7). They found endobronchial involvement in 92 per cent of 658 con- 
secutive surgical specimens resected for tuberculous disease. The incidence of 
different types of bronchial involvement in their series was as follows: chronic 
bronchitis, 20 per cent; tuberculous bronchitis, 20 per cent; bronchiectasis with- 
out endobronchial tuberculosis, 21 per cent; and bronchiectasis with endo- 
bronchial tuberculosis, 20 per cent. The factors favoring residual bronchiectasis 
appeared to be: long-standing disease, the presence of moderate to far advanced 
conglomerate disease with interstitial fibrosis, tuberculous endobronchitis, and 
extraluminal compression of a major bronchus 

Significant apical bronchiectasis associated with tuberculosis is considered 
one of the primary indications for pulmonary resection at this hospital. Ac- 
cordingly, it is believed, as others have stated (8-12), that bronchographic study 
should be more extensively utilized as an integral part of the presurgical work-up. 
The value of bronchography in the detection of bronchiectasis is unquestioned, 


particularly as most of the previously held contraindications to this examination 


are no longer valid (13). However, the problem of oi! granuloma remains un- 
solved (14) and iodized oil bronchography often obscures parenchymal detail, 
In the hands of the present writers, Dionosil” bronchography, which has been 
more recently advocated (15), has not been entirely satisfactory because of in- 
adequate filling of the peripheral bronchi. Therefore, an attempt has been made 
to evaluate the relative merits of tomograms in assessing the presence or absence 
of apical bronchiectasis in the belief that this examination might offer an addi- 
tional method of analysis. This was done by correlating tomographic and bron- 
chographic findings in randomly selected tuberculous patients. Lodin has recently 
stated that the tomogram at best is complementary to bronchographic study in 


detecting bronchiectatic disease (16), 


MATERIAL AND METHODS 
The films of 100 tuberculous patients who had satisfactory tomographic and broncho 


graphic studies were correlated, Complete filling of all apical segmental bronchi was re 
quired for inclusion in the study. The apical tomograms were taken in the frontal plane at 


' From the Departments of Medicine and Radiology, Veterans Administration Hospital 
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TABLE 1 
CorRELATION oF Tomocrapuic AND FINDINGS IN 
ApicaL 
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1 em. intervals. Sections 5 through 12 were routinely used. Additional anterior sections 
were obtained in isolated instances. The tomographic interpretations were made inde 
pendently of routine roentgenographie studies or bronchograms by the three writers work 
ing as a team. The general criterion for the diagnosis of apical bronchiectasis was foc al or 


generalized dilatation of a segmental bronchus which could be traced back to the upper 


lobe bronchial orifice. The degree of bronchiectasis was graded 0, +, ++, or ++4 
Equivocal minimal cases were graded as 0/+ 
lodized oil bronchography was carried out, utilizing 15 to 20 ml. of warmed lodochloral? 


? Manufactured by G. D. Searle & Company, Skokie, Illinois 
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instilled inte the anesthetized hypopharynx by digital cannula placement. Intubation was 


not necessary in any instance. Adequate upper lobe filling was accomplished by a 45 to 50 


degree head-down tilt, under fluoroscopic visualization. Premedication with atropine and 


codeine was routine. Recumbent bucky postero-anterior films, upright postero-anterior 
stereo films, and appropriate upright lateral and oblique films were obtained. The degree of 
bronchiectatic involvement was also graded 0, +, ++, or ++4 

For purposes of classification, the patients were divided into four clinical groups ac- 
cording to the extent of tuberculous disease existing in the hemithorax under study: (/) 


minimal, (2) moderately advanced, (3) far advanced, and (4) subthoracoplasty or plombage 


Fig. 1. Chronic, moderately advanced left upper lobe pulmonary tuberculosis. Definite 
bronchiectatic disease was identified on the 6 to 9 em. tomographic sections involving the 
apicoposterior segment of the left upper lobe. Moderate bronchiectatic involvement was 
verified at time of bronchography. 
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RESULTS 
The results are shown in table 1. Of the 18 patients with minimal tuberculosis, 
there was no bronchiectasis demonstrated on either bronchography or tomog 
raphy in 11 instances, with comparable findings of minimal bronchiectasis in 


2 patients. Five errors were made on the tomograms. “Over-reading”’ occurred 


in 4 cases and “‘under-reading”’ in one case. 
Fifty-three studies were done in patients with moderately advanced disease. 
No bronchiectasis was demonstrated on either examination in only 5 instances 


Fic. 2. Moderately advanced right upper lobe pulmonary tuberculosis. Tomographic 
section through the anterior portion of the right upper lobe demonstrated definite bron 
chiectatic disease extending from the hilum to the area of primary parenchymal involve 
ment. Bronchographic study demonstrated gross bronchiectasis involving the anterior 
segment of the right upper lobe with a large bronchiectatic cyst. The eyst was verified on 


microscopic section 
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Fic. 3. Far advanced right upper lobe pulmonary tuberculosis. Tomographic sections 


clearly demonstrated the presence of gross right upper lobe bronchiectasis best shown on 


the 8 and 9 em. sections. Bronchography demonstrated a bronchiectatic, partially atelec 


tatic right upper lobe 
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Fic. 4. Chronic, far advanced right upper lobe pulmonary tuberculosis. Tomograms 
through the right upper lobe, best shown on the 10 em. section, showed a grossly bron- 
chiectatie and atelectatice right upper lobe. This was confirmed by subsequent broneho 


graphie study which demonstrated involvement of the entire right upper lobe. 


Comparable degrees of minimal to moderate bronchiectasis were present in 25 


instances. In 7, the tomogram was “over-read”’ and in 16 it was ‘“under-read.”’ 
Twenty-four far advanced lesions were studied. Bronchiectasis was found by 
both examinations in 22 instances. In 20 cases, there was comparable bronchiecta 
sis on both examinations. Tomograms were ‘“‘over-read” in one and “under-read”’ 
in 2 cases 
live patients with long-standing thoracoplasty were also included in the study. 
In 3, comparable bronchiectasis was found on tomograms and bronchograms. In 
one instance, the tomogram was “over-read”’ and in the other it was “under 
read,”’ 
Bronchiectasis was therefore present in only 4 of 18 cases of minimal disease, 


in 43 of the 53 cases of moderately advanced tuberculosis, and in 22 of 24 


patients with far advanced disease. Some degree of bronchiectasis was found in 


all 5 thoracoplasty cases. The tendency was to “over-read”’ the tomograme in 
minimal disease and to “under-read”’ them in moderately advanced disease, 
In far advanced disease, the accuracy almost approached that of bronchography. 
The degree of bronchiectasis was found to be roughly parallel to the extent of 
disease; that is, minimal bronchiectasis was found in minimal disease, minimal 
to moderate bronchiectasis characterized the moderately advanced cases, and 
moderate to severe bronchiectasis was noted in the far advanced disease 

No major complications were noted following the bronchograms, other than 


transitory angioneurotic edema which developed in 2 patients 
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Fic. 5. Far advanced left upper lobe pulmonary tuberculosis. Posterior section 
tomograms, best shown on the 7 and 8 em. levels, clearly demonstrate bronchiectasis in- 
volving the apicoposterior segment of the left upper lobe. This was confirmed at time of 
bronchography when gross bronchieetatic disease involving the apicoposterior segment 


was demonstrated 


DISCUSSION 


The results indicate that the diagnosis of bronchiectasis by tomography is 
accurate in far advanced tuberculous disease. In the presence of moderately 


advanced tuberculosis, however, considerably more difficulty was experienced 
due to “under-" and “over-interpretation” of the tomograms. Tomography in 
lateral and oblique positions, as advocated by Adler (17), might have improved 
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Fic. 6. Moderately advanced left upper lobe tuberculosis, Posterior-segment tomograms 
were interpreted as showing definite foeal bronchiectasis involving the apicoposterior 
segment. The bronchiectatic focus, however, could not be traced proximally to the left 
hilum. At the time of bronchography, no bronchiectatic disease was evident. It is believed 
that the chief cause for difficulty in this type of patient is the parallel strands of fibrosis 


and vascular shadows which simulate bronchiectatie disease on tomographic study 


the diagnostic accuracy; however, these projections were not included in the 
study. 

In the normal lung, the upper lobe bronchi can usually be outlined on the 
tomogram for one-third to one-half the distance from the hilum to the parietes, 
as measured along the bronchus (16). The diameter of the lumen and the thick- 
ness of the wall can be determined in the segment outlined. In the abnormal 
bronchus, changes in caliber of the lumen and thickness of the wall are the two 
essential findings. The presence of fluid or exudate can sometimes be detected 
when the bronchus is dilated. An increase in bronchial wall thickness or con 
solidation around an air-filled bronchus results in visualization of the involved 
bronchus farther peripherally than in the normal. In this type of bronchus, the 


presence or absence of bronchiectasis can be detected. The cause of thickening 


cannot be ascertained, however, and it is rare to get enough tomographic detail 
to outline the irregularity or “beading” of the bronchial wall which often pre 
cedes bronchiectasis associated with tuberculosis. It was found that great care 
must be taken in the presence of thick-walled bronchi to evaluate properly 
bronchial size in relation to distance from the hilum in order to define or exclude 
bronchiectasis. This is in contrast to bronchography with which a number of 
segments are filled and can be readily compared as to relative diameter 

The tomographic diagnosis of bronchiectasis was found to be relatively easy 
in the atelectatic fibrotic contracted type of disease in which bronchial wall thick 
ening plus peribronchial disease resulted in clear visualization of bronchi almost 
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Fia. 7. Initial moderately advanced left upper lobe tuberculosis which had improved 
over a period of three and one-half years so that no gross parenchymal involvement could 
be identified on current postero-anterior chest films. Tomograms of the left upper lobe 
showed no definite evidence of bronchiectatic disease, Bronchograms, however, clearly 
demonstrated the presence of significant residual bronchiectatic disease involving the 
apical subsegment of the apicoposterior segment, left upper lobe. This study emphasizes 
the need for evaluating the original extent of parenchymal involvement 


to the periphery. No difficulty was encountered in those patients with saccular 
bronchiectatic changes which resembled a cluster of oval and circular thick- 
walled radiolucencies. In other types of far advanced disease, the diagnosis in 
most instances was also made 

In moderately advanced disease, much more difficulty was encountered, 
chiefly because there was not enough bronchial wall thickening to outline pe- 


ripheral segments. This resulted in the most common error of “under-reading.”’ 
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Parallel strands of fibrosis or vascular markings simulating bronchial walls re- 
sulted in errors of “over-reading.”’ In postoperative thoracoplasty, the chief 
difficulty was in the irregular densities cast by regenerated ribs 

Localization of the bronchiectatic segment by tomogram was usually quite 
accurate although, in isolated cases in which there was appreciable distortion 
of the bronchi due to disease, this was difficult or impossible 

The bronchographic abnormalities found were similar to those which have 
been previously described in pulmonary tuberculosis. The slight “beading” 
of the bronchi, which is often the first change, was noted, along with evlindrical 
and sometimes saccular dilatation of bronchi. The typical peripheral obstruction 
and obliteration of bronchi which occur in tuberculosis were also observed, in 
contrast to the peripheral dilatation usually identified with nonspecific bronchi 
ectasis (18). Distortion of bronchi, along with alteration of position associated 
with atelectasis and fibrotic contraction, was readily identified. A few large 
saccular bronchiectatic areas were also found which were thought to be em 
physematous bullae on tomography. In occasional instances, significant bronchi 
ectasis Was detected in segments in which tuberculous involvement was clinically 
unsuspected. This is commonly due to the lack of serial chest films throughout 
the course of the disease, so that the maximal extent of parenchymal involvement 
may not be appreciated. This emphasizes the importance of the examination of 


the bronchial tree 


SUMMARY 


This study indicates that tomography is useful in the diagnosis of bronchi 
ectasis in apical tuberculosis. There are no contraindications and the examina 
tion is without risk to the patient. Tomography can be relied upon when the 
disease is far advanced. It is less accurate in moderately or minimally advanced 
tuberculosis or in disease compressed beneath a thoracoplasty. The present 
writers believe that there is not enough thickening of bronchial walls or peri 
bronchial density to make the examination too useful in the minimally ad 
vanced disease. When there is doubt of the segmental distribution, bronchog 
raphy is often necessary 

Tomography is superior to bronchography only in outlining the thickness of 


bronchial walls. Therefore, the examinations are complementary, but careful 


study of tomograms can be a useful substitute when bronchography is contra 


indicated, 
In view of the high incidence of bronchiectasis in moderately and far advanced 
tuberculosis, it is believed that an attempt to define bronchial disease should be 


included in the presurgical protocol 


SUMARIO 


Correlacién de los Hallazgos Tomogrdficoa y Broncogrdaficos en la Tuberculosia del Vértice 


Indica este estudio que la tomografia resulta Gtil en el diagnéstico de la bronquiectasia 
en la tubereulosis del vértice. No hay contraindicaciones el examen no entrafia riesgo 


para el enfermo. Puede confiarse en la tomografia cuando la enfermedad esté muy avanzada 
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resultando menos exacta en la enfermedad moderadamente avanzada o minima o cuando 


esta comprimida bajo una toracoplastia. En la enfermedad minima, no existe suficiente 


engrosamiento de las paredes bronquiaies o condensacién peribronquial para que el examen 


tenga mayor propésito. Cuando existen dudas acerea de la distribucién segmental, la 


broncograf{a resulta a menudo necesaria 
La tomograffa resulta superior a la broncografia Gnicamente para demarear el espesor 


de las paredes bronquiales, por lo cual, se complementan ambos exdmenes, pero el cuidadoso 


estudio de los tomogramas puede ser un substituto dtil cuando est4 contraindicada la 


broneografla 
En vista de la elevada incidencia de la bronquiectasia en la tuberculosis moderada y muy 


avanzada, parece que, en el protocolo prequirdrgico, debe figurar un esfuerzo para definir la 


enfermedad bronquial 


KESUME 


Corrélation des signes tomographiques et bronchographiques dans la bronchectasie apicale 


Cette étude indique que la tomographie est utile pour le diagnostic de la tuberculose 
apicale. Il n'y a pas de contre-indications et l’examen ne présente aucun risque pour le 
malade, On peut se fier A la tomographie quand la maladie a beaucoup progressé. Elle offre 
moins de précision dans les cas modérément ou peu avaneés ou quand les lésions sont com 


primées par une thoracoplastie. Les auteurs estiment que |'épaississement des parois bronchi 


ques ou les condensations péri-bronchiques sont insuffisemment marquées pour se fier 


complétement A ce procédé dans les cas ou l’affection est A un stade peu avaneé. En eas de 


doute sur la répartition segmentaire, la bronchographie est souvent nécessaire 


La tomographic n'est supérieure A la bronchographie que pour délimiter l’épaisseur de la 


paroit bronchique, conséquence, ces examens se complétent, toutefois, l'étude méti- 


culeuse des tomogrammes peut se montrer utile lorsque la bronchographie est contre- 


indiquée. 
Ein raison de l'incidence Glevée de la bronchectasie dans la tuberculose modérée ou 


trés avaneée, les auteurs considérent que la détermination des lésions bronchiques doit 


ineorporée au protocole pré-chirurgical 


Addendum 


Since completion of the manuscript, 38 additional tomographic and bronchographic 
studies have been made. There was correlation between these two studies in all instances in 


the 6 patients with minimal disease. Only one patient of the 6 had bronchiectatic disease 


Twenty-eight additional patients with moderately advanced disease were studied. Correla 


tion was found in 25 of these instances. The three noncorrelation studies were due to tomo 


raphie “‘over-reading”’ in 2 instances and tomographic ‘‘under-reading”’ in one instance. 
gray 


Fourteen of the 28 patients had definite apical bronchiectasis by both methods of study 


Four patients with far advanced disease were included. Three had excellent correlation 
by both tomographic and bronchographic methods. In the fourth instance, the tomograph 


was “over-interpreted.” 
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PYRAZINAMIDE-ISONIAZID IN LOW DOSAGE IN TREATMENT 
OF PULMONARY TUBERCULOSIS’ 


STANTON T. ALLISON 


(Received for publication April 5 1956) 


INTRODUCTION 


In 1952, the writer studied the action of pyrazinamide on a small group of 


patients with pulmonary tuberculosis (1). These patients all had far advanced 


disease, and their organisms were completely resistant to streptomycin. They 


were then a group of patients who had fibrocavernous disease which was not 


progressing favorably and, in the light of our present knowledge, could not be 


expected to be a fair group in which to judge the worth of a new drug. Five of 
the entire group of 14 patients had so much toxicity that the drug had to be 


iz stopped between the eighth and thirty-fifth days of treatment. This toxicity 
ree consisted of nausea, vomiting, atonic ileus, and, in one case, a bromsulfalein 


retention of 40 per cent except for very equivocal roentgenographic clearing in 
one patient, no improvement was seen in the group. Yeager and associates (2) 


and Schwartz and co-workers (5) reported on treatment of patients with pul- 


monary tuberculosis with pyrazinamide. They believed that the drug had merit 


even though they stressed that drug-resistant organisms emerged rather rapidly 


when the drug was used alone 
MeCune and Tompsett (4), using the microbial enumeration technique in 
mice infected with tubercle bacilli, revealed a rather striking effect when pyra 


zinamide and isoniazid were used together. The effeets noted were considerably 


greater than those seen with either of these drugs when used alone or in any 


other known combination of drugs. The pyrazinamide-isoniazid combination so 


affected the population of tubercle bacilli in the aliquots of splenic emulsion that 
no tubercle bacilli could be recovered by the usual methods of culture and guinea 


pig inoculation. From the same unit, McDermott and associates (5) reported 


the treatment of fifty-five patients with a regimen consisting of pyrazinamide 
(50 mg. per kg. of body weight) and isoniazid (5 mg. per kg. of body weight) in 


a total daily dose. Roentgenographic improvement was as good as, if not better 


than, has been seen with other drug combinations, and sputum “conversion” 


(by culture) was better than has been seen with any other combination of drugs. 


No patients with collapse or excisional therapy were included in the results 
There was considerable toxicity, due to the action of this drug combination on 


the liver: six of the fifty-five patients developed unequivocal hepatitis, with 


death of one patient due to progressive hepatitis on the fifty-fifth day of therapy. 


These writers caution against the use of this drug combination in such high 


dosage. In a subsequent paper from this same group of investigators, Muschen- 


heim and associates (6) reported a study in which the py razinamide dosage was 


reduced, It was stated that this low dosage was therapeutically inferior to the 


' From the Veterans Administration Hospital, Rutland Heights, Massachusetts 
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higher dosage, and two cases of jaundice were noted among the sixty-one patients 
who were treated 


PLAN OF INVESTIGATION 


It is the purpose of the present investigation to explore the lower dosage of 
pyrazinamide in combination with low-dosage isoniazid. Since 3 gm. of pyrazin 
amide and 300 mg. of isoniazid seemed too toxic, half dosages were chosen for 
the present study. A fixed dosage of pyrazinamide, 0.5 gm., and isoniazid, 50 mg., 


was given three times a day 


All patients were studied prior to treatment for abnormalities of hepatic funetion by 
thymol turbidity, Van Den Bergh, and quantitative serum bilirubin tests; and, if any 
abnormal tests were discovered, cephalin flocculation would be added to the tests and the 
tests repeated A few of the patients who developed abnormal test had bromsulfalein 
tests as well. All patients with abnormal hepatic function were excluded from the study 
If the preliminary liver function tests were normal, the patients were started on the drugs 
and the tests of liver function were repeated every two weeks thereafter. In the event that 
any abnormal tests appeared, the tests were done at weekly intervals. All of the patients 
had received no previous antituberculous chemotherapy and had never had hepatitis 
cirrhosis, or suffered from aleoholism. All were discharging tuberele bacilli in the sputum 
when treatment was started. The patients were chosen by randomization, based upon the 
last digit of their hospital registry numbers; if the number wa even,”’ they received 
pyrazinamide, 1.5 gm., plus isoniazid, 150 mg.; if the number was odd, the patient received 
streptomycin, | gm., twice weekly plus PAS, 12 gm. dail) 

The purpose of this study was to investigate the ther ipeutic effects of the « ombination 
of pyrazinamide and isoniazid and, at the same time, the toxicity which might accrue 
from the two drugs used in low dosage. It is planned to continue administration of the 
drugs for at least eight months to each patient who does not show significant toxie mani 


festations. 


OBSERVATIONS 


\t the present time, 69 patients have received the low-dosage pyrazinamide 
and isoniazid combination, and 54 “control” patients received streptomycin 
PAS during the same time period. All had advanced pulmonary tuberculosis 
with tubercle bacilli in the sputum, demonstrated by microscopy or culture. 
With one exception, all of the patients had received no previous antituberculous 
chemotherapy. The exception was a patient who had been previously treated 
with streptomycin-PAS and had left the hospital against medical advice. Later 
his disease relapsed. As he had had no chemotherapy for almost two years and 
as his new disease appeared roentgenographically to be chiefly exudative in 
character, he was included in the pyrazinamide-isoniazid series. It was decided 


not to administer py razinamide-isoniazid for more than eight months to prevent, 


if possible, any liver damage from long-term therapy with at least one hepato 


toxic drug. 

Twelve of the pyrazinamide-isoniazid treated patients did not complete thei 
course of treatment. In 5 it was necessary to discontinue these drugs because of 
abnormal liver function tests which were rapidly becoming elevated. Another 
patient developed a skin eruption thought to be due to pyrazinamide; the iso 
niazid was continued and PAS was substituted for pyrazinamide; 2 patients had 
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roentgenographic ‘worsening,’ which necessitated a change in chemotherapy. 
Isoniazid-resistant tubercle bacilli appeared early in one patient and strepto- 
mycin-PAS was substituted. Treatment of another patient who continued to 
discharge tubercle bacilli in the sputum was changed to streptomycin-isoniazid 
plus PAS therapy. Two patients died, one of carcinoma of the esophagus and 
the other of advanced pulmonary tuberculosis. 

As soon as any abnormality was recorded in the fortnightly liver function 
tests, the tests were done on a weekly schedule and, if the values continued up- 
ward, both drugs were discontinued for the patient concerned. There was only 
one patient whose quantitative serum bilirubin reached the jaundice level and 
this was the only female in the group (M. D.). Very slight jaundice developed 
on the one hundred and twenty-ninth day of treatment, one week after her liver 
function tests first began to show abnormalities. Within a very few days of dis- 
continuance of the drugs, the jaundice disappeared and her liver function tests 
were normal within a month. Of the remaining 4 patients taken off the drugs, 
3 discontinued the drugs within two and two and one-half months of treatment 
and one, at five months. Liver function tests subsequently returned to normal 
in these patients. 

Roentgenographic change was recorded as “substantial improvement’ 
erate or marked), “slight improvement,” “no change,” or “worsening.” 
In the control group of 54 patients who received streptomycin-PAS, there 


(mod- 


were 2 deaths, not due to tuberculosis. Eleven patients (20 per cent) experienced 
some drug toxicity, usually a skin eruption, from either the streptomycin or 
PAS. This necessitated a change to dihydrostreptomycin and/or isoniazid in 
patients, 

At the present time 66 patients have completed the course of eight months, 
38 having received pyrazinamide-isoniazid; and 28, streptomycin-PAS. 

Table | is a summary table showing the results in the patients who have com- 
pleted eight months of therapy. 

TABLE 1 


Parients Have Comptereo Monrus or Cuemoruerary 


Pyrazinamide Isoniazid Streptomycin-PAS 


Number of cases 3S 28 
Reversal of infectiousness (cul 
ture 63% 53.6% 
Substantial roentgenographic 
improvement (moderate or 
marked 73.7% 
Cavity closure (on drugs alone 12% 39% 
Died 2.6% 7% 
Drug resistance 0% of positive cultures 30% of positive cultures 
Toxicity (not severe enough to 
discontinue drugs) 0 35% (in some of these 


streptomycin 
changed to dihydro 
streptomycin 
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DISCUSSION 


One hundred and twenty-three patients have been treated from one to eight 
months with either low-dosage pyrazinamide plus isoniazid or streptomycin plus 
PAS. In the pyrazinamide-isoniazid group, the chemotherapy of 5 patients was 
discontinued because of abnormal liver function tests and, in one of these, jaun- 
dice developed. Two other patients revealed worsening on roentgenographic ex- 
amination. In the “control” streptomycin-PAS group, the therapy of 11 patients 
had to be temporarily stopped because of allergic manifestations, usually skin 
eruptions. All of these patients were later able to receive modified regimens con- 
sisting of dihydrostreptomycin and/or isoniazid. There were 3 deaths in the 
pyrazinamide isoniazid group and 2 in the control group 

Sixty-six patients completed eight months of therapy; 38 of these received 
pyrazinamide-isoniazid and 28 were the “controls” and received streptomycin 
PAS. The therapeutic results were considerably better in the pyrazinamide 
isoniazid group than in the controls, but emergence of organisms resistant to 
isoniazid was greater than in those resistant to streptomycin. 

It is surprising that substantial (moderate or marked) roentgenographic im 
provement and sputum “conversion” was so low in the “control” group, but the 
number included is small and the amount of disease was considerable in this 
group, Which received streptomycin twice weekly with daily PAS 

At the eight-month observation point the pyrazinamide-isoniazid group re 
vealed 63 per cent with sputum cultures negative for tubercle bacill, 73.7 per 
cent with substantial (moderate or marked) roentgenographic improvement, and 
$2 per cent with cavity closure without surgery. Fifty per cent of positive cul 
tures showed some degree of isoniazid resistance. The few patients who had ab 
normal liver function tests in the early part of treatment, but who continued 
treatment, had a reversal of their abnormal tests to normal, 

It appears from this study that pyrazinamide-isoniazid in the low dosage used 
is an excellent short-term (not more than eight months) regimen in tuberculous 


patients provided the cases are carefully selected. The selection should consist 


of the exclusion of patients with a past history of hepatitis, cirrhosis of the liver, 
or chronic alcoholism. As pyrazinamide is definitely hepatotoxic, it seems wise 
to do liver function tests at two-week intervals, increasing to weekly intervals 
if any test is abnormal, and to discontinue the pyrazinamide if tests continue to 
reflect increasing liver toxicity. Patients should be treated with this combination 
only in the hospital; because of the hepatotoxic properties of pyrazinamide, the 
regimen should not be used in home treatment. The low-dosage regimen, al 
though less efficacious than the larger dosage regimen, is nevertheless adequate 
and may be less toxic. Whether patients who have received pyrazinamide lor 
eight months will later develop liver disease cannot be definitely stated at this 
time; but in those patients whose liver function tests remain normal, or after a 
slight rise return to normal, this possibility seems improbable in view of the 


remarkable regeneration capacity of the liver 
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SUMMARY 


Pyrazinamide in combination with isoniazid, both drugs in low dosage, was 
administered to 69 previously untreated, carefully selected patients. The results 
were compared with those observed in 54 patients treated with streptomycin- 
para-aminosalicylic acid (PAS). Assignment of the patients to either of the two 
regimens was made by chance selection. 

Thirty-eight patients who received pyrazinamide (1.5 gm.) and isoniazid 
(150 mg.) daily, and 28 “controls’”’ who received streptomycin (1 gm. twice 
weekly) and PAS (12 gm. daily) have completed eight months of therapy. 

The pyrazinamide-isoniazid patients surpassed the controls in sputum culture 
“conversion,” roentgenographic improvement, and in cavity closure, but there 
was more drug resistance in this group than in the streptomycin-PAS controls. 

Pyrazinamide toxicity was not alarming with the low dosage used, and only 
one patient of 69 treated became jaundiced. It appears that low-dosage pyrazin 
amide-isoniazid is a very adequate treatment regimen when used under condi- 
tions similar to this study for periods not to exceed eight months of treatment. 
At the end of eight months the pyrazinamide should be discontinued and the 


patient continued on isoniazid, together with newly added PAS, or both pyra- 


zinamide and isoniazid should be discontinued and streptomycin-PAS sub- 


stituted. 


SUMARIO 
La Piracinamida-Isoniacida a Dosis Baja en el Tratamiento de la Tuberculosis Pulmonar 


Piracinamida combinada con isoniacida, ambas drogas a dosis bajas, fué administrada 
a 69 enfermos cuidadosamente seleccionados como tratamiento primario en comparacion 
con 54 enfermos tomados al azar y tratados como “testigos’’ con estreptomicina y dcido 
paraaminosalicilico (PAS 

Treinta y ocho enfermos que recibieron piracinamida, 1.5 gm., e isoniacida, 150 mg., 
diariamente, y 28 “testigos,”’ que recibieron estreptomicina, | gm. dos veces semanales, 
y PAS, 12 gm. diarios, han terminado ocho meses de terapéutica 

Los enfermos tratados con piracinamida-isoniacida sobrepujaron a los testigos en el 
viraje del esputo en los cultivos, la mejoria radiogrdfica y la clausura de cavernas, pero 
mostraron més farmacorresistencia que los testigos tratados con estreptomicina PAS 

La toxicidad de la piracinamida no resulté alarmante a las dosis bajas usadas y sdélo 
se volvid ictérico un enfermo de los 69 tratados. Parece que la piracinamida-isoniacida a 
dosis bajas es un régimen terapéutico muy adecuado cuando se emplea en condiciones seme 
jantes a las de este estudio, durante periodos de tratamiento que no excedan de ocho meses 
Al cabo de ocho meses, hay que discontinuar la piracinamida y que poner al enfermo a iso 
nine ida junto con PAS agregado entonces, 0 deben abandonarse la piracinamida v la iso 


niacida, suplantandose con estreptomicina-PAS 


KESUME 
Pyrazinamide-Isoniazide a dose faible dans le traitement de la tuberculose pulmonaire 


La pyrazinamide associée a l'isoniazide, les deux medicaments A doses faibles, sont 
administrés comme traitement initial dans 69 cas bien choisis et dont la selection a été faite 
au hasard pour étre comparés avec 54 malades traités A titre de ‘‘temoins”’ avec la strepto 


mycine et l’acide para-aminosalicylique (PAS) associés 
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Trente huit malades recevant quotidiennement une dose de 1,5 g pyrazinamide et 150 
mg d'isoniazide; les 28 témoins qui recevaient 1 g de streptomycine deux fois par semaine 
et 12 g de PAS par jour ont été traités pendant une période de huit mois 

Chez les malades traités par l'association pyrazinamide isoniazide le pourcentage de 
négativation des cultures de crachat, d’amélioration des images radiologiques et d’obli 
tération des cavités a été supérieur & celui observé chez les témoins, mais dans ce groupe 
les cas de résistance aux antibiotiques était plus nombreux que chez les témoins traités 
par l'association streptomycine—PAS 

La toxicité de la pyrazinamide n’était pas dangereuse aux faibles doses utilisées et un 
seul malade, sur les 69 ayant été traités, A présenté de l’ictére. Il apparait qu’dA faible 
dose l’association pyrazinamide-isoniazide est un mode de traitement parafaitement adé 
quat quand il est appliqué dans des affections comparables A celles de cette étude pen 
dant des périodes ne dépassant pas 5 mois Au bout de huit mois il faut interrompre 


l’administration de la pyrazinamide et le malade doit continuer A recevoir l’isoniazide 


plus du PAS, ou cesser |’administration de la pyrazinamide et de l'isoniazide en les rem 


plagant par la streptomycine et le PAS 
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Frias. | and 2. R. G., a white male, aged 35 years, was very ill on admission to the hos- 


pital, with high fever. Rapid defervescence occurred with pyrazinamide -isoniazid therapy. 


Pulmonary function tests at the end of eight months of treatment revealed substantial 
impairment A left subcostal extraperiosteal plombage was done on the left instead of 


resection. The patient continues to have sputum negative for tubercle bacilli 


Fries. 3 and 4. R. 8., a white male, aged 36 years, had spontaneous pneumothorax on 
the right just before admission to the hospital. He was very dyspneic, with high fever on 
admission. A thoracotomy tube was inserted and the lung was expanded by suction and 
underwater seal. Rapid defervescence occurred and the patient had an excellent recovery. 
Decortication was thought unwise in this case. The patient’s sputum is negative for tubercle 


bacilli 
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Fires. 5 and 6. G. R., a white male, aged 38 years, showed an excellent response to pyra 
zinamide isoniazid. There were no residual cavities. Sputum ‘“‘converted” to negative and 


no surgery is contemplated 


Fies. 7 and. J. D.. a white male, aged 43 years, showed an excellent response to pyra 
zinamide-isoniazid. A residual cavity was present in the first right interspace. Sputum was 
positive for tubercle bacilli despite eight months of chemotherapy, and the patient is now 


receiving streptomycin-PAS and will have a cavitary right upper lobe resected 
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Fics. 9 and 10. A. 8., a white male, aged 39 years responded well to py razinamide 


sppeared to have closed after eight months of treatment, but a 


isoniazid. A giant cavitl 
right upper lobe resection Was pe rformed as a precautionary measure 
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THE DETENTION WARD AND ITS PLACE IN THE CONTROL 
AND TREATMENT OF TUBERCULOSIS' 


M. A, LINELL 


(Received for publication March 20, 1956) 


INTRODUCTION 


The idea of confining the recalcitrant individual, who is also sick with tuber- 
culosis, and keeping him on a locked ward is repugnant to most people. To take 
such positive and sometimes aggressive action immediately increases the physi- 


cian’s responsibility to the patient, strains the doctor-patient relationship, and 
can, perhaps, make the all-important job of improving the patient's health in- 
finitely more difficult than is the case under more favorable conditions, with a 


cooperative and responsible patient. For the past seven years a detention ward 


has been an integral part of Firland Sanatorium, and this ward is occupied by 
patients who are considered, either by the staff or the public health authorities, 
to be recalcitrant. The average patient who finds his way there, and usually most 


unwillingly, has little or no conception of the dangers of his tuberculosis, either 


to himself or to his community. Perhaps he has refused to enter the sanatorium 
when advised to do so by the health officer. Perhaps, when in the sanatorium, 


he has left against medical advice even though his disease is in an infectious 


state; or perhaps he becomes a behavior problem, disturbing or causing consider- 


able anxiety to the cooperative patient and the staff, commonly as the result of 


alcoholism. Sometimes a difficult patient is transferred from another sanatorium 
for admission to the locked ward, and occasionally he is referred directly from the 


city jail or from some other penal or correctional institution. 
Any patient, who is admitted to this ward, is quarantined automatically, if 


he is not already quarantined. Since 1903, under state law, 


Every health officer shall have the power to remove to and restrain in a pest house or 
isolation hospital, or to quarantine or isolate any person sick with any dangerous, con- 
tagious or infectious disease, until such sick person shall have thoroughly recovered 


In 1048, the Washington State Board of Health gave the health officer further 
power by adopting a regulation stating that those who do not observe precau- 


tions to prevent the spread of tuberculosis shall be isolated till such time as the 


following conditions are fulfilled: the pulmonary disease is considered “inactive,” 


as defined in the National Tuberculosis Association classification; or the patient 


agrees to accept routine sanatorium care. 
In 1952 the average number of patients in the locked wards was 12 of an 


average hospital population of 1,100. During 1955 the total hospital census has 


remained around 750, of whom at least 26 (and sometimes as many as 42) have 
heen on the locked ward, These comparative figures would suggest that the re- 


' From Firland Sanatorium, Seattle, Washington 
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calcitrant tuberculous patients, as a group, have become a much greater problem 
in relation to the over-all picture of tuberculosis control and treatment. It must 
also be said, however, that the powers that can be exercised under the present 
laws have been used much more strictly and rigidly than formerly. In addition, 
much good work has been done to improve understanding and cooperation be 
tween the sanatorium and the health officers, and vice versa, One factor which 
had considerable influence was the disturbing number of medically unsanctioned 
discharges formerly taken by apparently cooperative patients. Many of these 
unfortunate people, on being questioned, stated that they would not have left 
the sanatorium had they not been seriously disturbed and frightened by the 
noisy alcokolic patients wandering around the wards 

The present regulations. controlling the administration of the locked ward, 
have gradually evolved by a process of trial and error during the past seven years, 
While these regulations are not regarded as perfect today, no good reason has 


been found to change them, except in minor respects, during the past year 


ORGANIZATION OF DETENTION WARD 


Usually, for his first offense, a patient spends two weeks on the detention 
ward; on the second occasion, he spends one month; on the third, three months: 
and thereafter, six months Exceptions are made to this program, but are av oided 
80 far as possible. If a patient is considered medically fit for discharge before his 
time is up, he is not held a moment longer than is absolutely necessary to com 
plete the formalities of a discharge with medical advice, 

The ward is very similar in design and structure to any other in the hospital. 
ach room has a standard hospital bed, a bedside locker, and a chair. A recrea 
tion room is provided, with a television set and a pool table. A considerable 
number of books are kept on the ward. and the patients can order whatever 
other books they need from the hospital library. Separated from the main ward 
there are six cells, which are very sparsely furnished, and every patient is ad- 
mitted by way of one of these cells, where he spends twenty-four hours or as 
long as is needed for him to sober up or be deloused. 

Access to the ward is gained by double doors which are always locked, the 
keys being held by ward personne! only. Each window has a wire grill over it 
and the building is circled by a high wire fence. These security measures may 
sound a little severe, but more than one ex-convict patient has been heard to 
say that it would be child’s play to escape from the ward. There has been a 
masterly demonstration of this on more than one occasion Indeed, it is a con 
stant source of surprise that break-outs are not more frequent, especially in view 
of the fact that the ward personnel are entirely unarmed and are specifically in 
structed not to reciprocate in any threats of violence. 

A patient is only allowed off the ward to be escorted to other parts of the 
hospital for roentgenographic studies or other special investigations which can- 
not be carried out on the ward. Visitors are allowed at the usual visiting hours 
but conversation between visitor and patient must be held through a wire screen. 
Social service workers, rehabilitation officers, clergymen, and sociologists visit 
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the patients in their rooms at any time. Recently, approved members of Alco- 
holies Anonymous have also been allowed to make such visits. Occupational 
therapy is, of necessity, somewhat limited in scope, as the various tools and in- 
struments required for different hobbies can so easily be turned to other uses 

To staff the ward adequately is a constant worry to the administration. Nurses 
and orderlies are virtually locked in with their patients during their hours of 
duty, and this frequently throws a considerable strain on the ward personnel. 
Many of the patients, as is commonly the case with paranoid aleoholics, resent 
any form of positive advice. In trying to gain any sort of cooperation from the 
patients, those who are working on the ward must avoid being compulsive and 
must be prepared to tolerate with equanimity a constant barrage of perverse 
and abusive expression 

Those who have worked in sanatoriums for a long time cannot always avoid 
adopting a somewhat rigid attitude toward their patients. While the uncoopera 
tive patient will cause much discouragement at times, this feeling is usually 
more than compensated by the patients who are appreciative and who willingly 
accept advice. For the personnel who work on a locked ward this compensation 
is conspicuous by its absence 

By reason of the staffing difficulties, the administration has, on more than one 
occasion, considered seeking the help and cooperation of the sheriff, but there 
has been a strong sentiment or feeling in some quarters against any such course 
It is hoped that the hospital itself ean continue to recruit a sufficient number of 
the right people from its own staff to maintain order on the ward without any 


outside help. 
Outcome of Tuberculosis in Patients on Detention Ward 


In an effort to assess what has happened to the average patient who spends 
some of his time on the detention ward and what subsequently happens to him, 
the case histories of all of those admitted to the ward during the first six months 
of 1953 have been examined. There were 82 such patients. In addition, in order 
to have some torm ol COMPArison, S2 more case records were selected, purely at 
random, from the patients discharged in 1953. None of the last named group 
had ever been on the locked ward although, with some, this unsullied course had 
obviously been achieved more by good luck than good management! 

The detention ward group is designated Group J and the “control” patients 
as Group 11 

It may be seen in table 1 that the average age at discharge was the same in 
both groups 45 Was the average time since the known onset of tuberculosis. The 
average number of admissions to the hospital for an individual patient is higher 
in Group 1. This reflects the generally uncooperative nature ol these patients. 
The total number of hospital days approximates surprisingly, and the figures 
in each group are high, as much of the treatment had been given in the days 
prior to the time of prolonged drug therapy and before the days of isoniazid 

Pulmonary and other relevant diagnoses (table 2): With regard to tuberculous 


diagnoses, the Group J patients obviously had more severe pulmonary disease 
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TABLE 1 


CompostTion or THE Two Grovurs or PATIENTS 


Group I 
Total Cases 


Average age at death or discharge 
Sex 

Male 

Female 
Average time since onset of tuberculosis 
Average number of Firland admissions 
Average total number of hospit il days 
Average number of detention ward admissions 


Average time on detention ward in days 


TABLE 2 


{ELEVANT DIAGNOSES 


Far advanced pulmonary tuberculosis 
Moderate ly advance d pulmonary tuberculosis 
Minimal pulmonary tuberculosis 

Alcoholism 

Syphilis 

Psychopathic personalit 

Paranoid s« hizophre nia 


Drug addiction 


than those in Group I7. At the time of the first admission to the hospital, 56 of 


the detention ward patients had far advanced disease as compared with 44 in 


Group 11, and only 2 of the detention group had minimal disease as compared 


with 8 in the other group. The recalcitrant patient is, therefore, the bigger prob- 
lem, not merely because of his behavior, but also by reason of his disease. Kighty 
eight per cent of Group / patients were thought to be chronic alcoholics. This 
diagnosis was usually made at the time of the first admission to the hospital 
and often on the patient’s own confession. This was invariably substantiated 
by the patient’s performance in the sanatorium and during the period of follow- 
up observation. 

Type of discharge from the hosyital (table 3): The medically unsanctioned dis 
charge is seen to be much more frequent in Group J (detention group) than 
in Group 11. A disciplinary discharge is only made when a patient is nearing the 
time for a discharge with medical advice; that is, when sputum has been con 
sistently negative for tubercle bacilli for more than four months and when the 
chest roentgenographic findings are becoming stable. Of those still in the sana 
torium, 5 of 8 in the first group have been continuously in the hospital since 
before January, 1953, and the 4 readmitted patients in Group 11 have been 


discharged again, i.e., before the present time 
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TABLE 3 


Tyre or Discnarce rrom Hosprrar 


With medical advice 

Against medical advice 
Transfer 

Diseiplinary 

Death 

Still in hospital or readmitted 


TABLE 4 


Srorum Srarvus at Time or Hospirat Discnarce 


M eroscopy 
wer 76 


Culture 


Microseopy or culture 


Average period of negativity for tubercle bacilli 6 monthe SS months 


Patients having chest surgery 2 2 


Sputum status at discharge (table 4): The sputum status at the time of discharge 
does not differ remarkably in the two groups except that in Group // the sputum 
had been negative for tubercle bacilli on microscopy and culture for 2.8 months 
longer than in the Group T patients. 

The fact that more patients in Group J had undergone chest surgery came as 
a surprise. There had been an impression that the alcoholic patient was much 
less inclined to accept definitive treatment than his more sober-minded fellow 
patient. It can also be said, however, that surgery was more frequently con 
sidered and approved in Group JT patients and was more frequently refused 

Follou up information (table 5): The follow up observations on all of these 
patients is not as complete as had been hoped, as it was impossible to trace 18 
in a total of 184 (0 per cent), and 12 of these untraced patients were in Group J. 
Of the total number of 16 deaths (8 in each group), only 3 could be regarded as 
tuberculous ‘Two in each group died from acute alcoholism with cerebral! edema; 
2, from carcinoma of the lung; and the remainder, from several miscellaneous 
causes, Of those still alive and not presently in a sanatorium or mental hospital, 
the vast majority have had regular chest roentgenograms at three- to four 
month intervals at one of several county health clinies. Sputum studies have been 
remarkably regular in Group [7 but, although the patients in Group J are given 


sputum bottles whenever they are seen, very few of these bottles ever find their 


way back to the laboratory. Forty-four patients in Group J have had chest roent 
genograms during the past four months, with no remarkable change in the find 
ings noted since discharge. The comparable figure for Group TT is 62 patients 

In looking through the follow up records, the cooperation and regular attend- 
ance of the patients in Group IT is impressive. In Group 7 many of the patients 
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TABLE 5 


Fottow-Ue INFORMATION 


Regular follow-up at clinic 

Regular follow-up by private physician 

In a sanatorium 

In a mental hospital 

Dead 

No trace 

Average time since discharge from hospital 


fail miserably in keeping their appointments, giving constant trouble to the 
visiting nurses, social service workers, and other members of the clinic staffs 
With a dreary monotony one sees the entry, “X-rayed in jail,” or “Clinie appoint 
ment not kept as he is in jail again, on a drunk charge.”’ 


COMMENT 


It is believed that the recalcitrant and frequently aleoholic tuberculous pa 
tient definitely requires over-treatment by comparison with the responsible 
patient. This belief is founded on his poor performance, both in and out of a 
sanatorium, and his greater susceptibility to a breakdown. Today at bkirland 
Sanatorium, the recalcitrant, no matter how minimal his tuberculosis may be, 
is kept for at least one year of continuous therapy. It would be impossible to 
carry out this program without fully implementing the legal powers given under 
State Board of Health Rules and Regulations. In addition, a detention ward is 
necessary to make the program complete. Many patients have neither respect 
for, nor understanding of, a quarantine notice when it is served. When it ts 
clearly understood, however, that, should the quarantine be broken, the next 
step is a period of isolation on the detention ward, this fact frequently acts as a 
deterrent 

KE.veryone working in the field of tuberculosis knows that control and treatment 
of this disease run hand in hand. Studies carried out during the past three years 
show that, in proportion to the population at risk, the number of sanatorium 
admissions from the “Skid Row” district is much higher than from the more 
wealthy neighborhoods. In fact, of a total of SOO admissions during 1955, 25 
per cent came trom areas which could be designated as “Skid Rows.” 

Twenty-two states have compulsory isolation laws, but only half this number 
make any effort to enforce them In most cases the necessary facilities are pro 


vided in a jail hospital to which the recalcitrant patient is committed for a fixed 


period of months, following which he is released. Up to the present time the State 


of Washington has dealt with the problem without the help of the jail. However, 
the recalcitrant patient is frequently sent to the sanatorium under suspended 
sentence and has to remain there until he is considered fit for a medical discharge, 


i.e., When his tuberculosis is “inactive.” 
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To postulate any long-term results is impossible at this early date, but the 


detention ward must result in limiting the exposure of the public to possible 


infection for a significant number of man-years, and it is also giving great help 
to local health officers in meeting one of their most difficult problems (2 
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IN VITRO AND IN VIVO STUDIES OF THE ANTITUBERCULOUS 
ACTIVITY OF CYANACETIC ACID HYDRAZIDE' * 
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INTRODUCTION 


Working on the premise that the antituberculous activity of isoniazid does 
not depend on the presence of the pyridine ring, but rather upon the relative 
positions of the pyridine nitrogen and the hydrazine nitrogen atoms, Valdecasas 
and his co-workers (1) studied the properties of a related compound, cyanacetic 
acid hydrazide. Cyanacetic acid hydrazide is a substance which retains the hy- 
drazide portion of isoniazid but has the pyridine ring replaced by an aliphatic 
chain terminating in a nitrogen atom, which is separated from the hydrazine 
nitrogen atom by the same distance as that between the pyridine and hydrazine 
nitrogen atoms in isoniazid. Cyanacetic acid hydrazide has the following struc 


tural formula 


Il 
N 


Valdecasas and associates reported remarkable results in their clinical trials 
with this compound. Moreover, these workers found that the toxicity of eyanace 
tic acid hydrazide for the rat was much lower than that of isoniazid. In the case 
of evanacetic acid hydrazide, the median lethal dose (LDgo) was 350 mg. per 
kg., as compared to the lethal dose of 150 mg. per kg. for isoniazid. Scheu (2) 
also obtained favorable results clinically with the use of cyanacetic acid hy 
drazide. When the drug was tested experimentally by im vitro and in vivo (guinea 
pig) methods, good results were also obtained by Hart! (3). Total inhibition of 
the growth of the H37Rvy strain of Mycobacterium tuberculosis was effected at a 


concentration of 10 7 per ml., while the response to cyanacetic acid hydrazide of 


guinea pigs experimentally infected with tuberculosis was comparable with that 
In view of such promising results, it seemed 


of streptomycin-treated animals 


‘From the Department of Medicine, Baylor University College of Medicine, and the 


Houston Tuberculosis Hospital, Houston, Texas 
? This study has been supported by a research grant from the Lakeside Laboratories 
Inc., Milwaukee, Wisconsin 
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worth while to study the drug further in laboratory experiments involving im 
vitro and in vive techniques and in clinical studies of humans. 
Since this study was begun, Marmion (4) has reported on the clinical effects 


of cyanacetic acid hydrazide in a group of thirty-one patients treated for five 


months. Clinical improvement was not marked, but roentgenographie improve- 


ment was outstanding in five patients, 


MATERIALS AND METHODS 
In Vitro Studies 


It was found that eyanacetic acid hydrazide in aqueous solution is unstable, particu 
larly at 37° C. The solution, which is colorless when fresh, turns into a light yellow color 
on or about the fourth day of incubation, changing into a darker tan as time progresses 
This discoloration ts app irently due to the breakdown of the drug 4 Moreover, cyanacetic 
acid hydrazide ix thermolabile. Thus, media which require inspissation, or in which the 
tubercle bacilli do not grow at a relatively rapid rate, are unsuitable for the testing of 
the drug 

For want of a better medium to support more rapid growth of tuberele bacilli, the liquid 
Tween”-albumin medium (pH 6.5), in which growth usually begins to be visible on the 
fourth day after inoculation, was chosen as the test medium. After the drug had been 
freshly prepared in aqueous solution, appropriate amounts were added aseptically to the 
medium, which was then tubed in 5 ml. amounts in 20 by 150 mm. serew- capped culture 
tubes This medium, containing cyanacetic acid hydrazide, also turns into a vellowish 
color, somewhat darker than the original, on the fourth day of incubation indicating that 
some breakdown of the drug has oceurred 

The size of the inoculum was 0.1 ml. of a seven-day culture in Tween-albumin medium 
Readings were made on the seventh day after inoculation. Since it was found in prelim 
inary tests that concentrations of 125 to 150 y of drug per ml. were required to inhibit the 
growth of the H37Rv strain, the concentrations of drug per ml. of medium used in these 
tests were 100 y, 1504, 200 >, and 3004. A drug-free control tube was, of course, included 
in each test 

Tuberele bacilli were cultured from the sputum of patients under therapy with cyana 
cetic acid hydrazide at intervals of every two weeks, whenever possible and indirect drug 
susceptibility tests were carried out In addition, similar drug-suseeptibility tests were 


completed on a number of cultures from patients who were not receiving the drug 


Animal Studies 


The method developed by Fenner and his co-workers (5, 6) and Pierce and associates 
(7) for the enumeration of viable tubercle bacilli in cultures and infected tissues has pro 
vided a method for evaluating the antituberculous properties of drugs in terms ot the in 
fluence of the drug on the viable bacillary population of different organs in experimentally 
infected animals, It was found that, in mice infeeted with a similar dose of tubercle bacilli 
by the intravenous route, the bacillary population in the spleens of these similarly infected 
animals is quite uniform ind constant. These findings have been confirmed by others 
(8, 9) and in this laboratory MeCune Tompsett and McDermott and their co-workers, 
using this quantitative technique, found that the population of tubercle bacilli in the 
spleens of mice experimentally infected with tuberculosis increased at first and subsequently 
diminished and stabilized. They have also employed these methods in the evaluation of 
the antibacterial properties of various drugs and drug combinations The ability or in 
ability of a drug, or a combination of drugs, to decrease significantly or to render undetect 


able the population of tubercle bacilli in the spleens of experimentally infes ted mice proved 
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to be a good criterion of its antituberculous activity. This mouse spleen population tee h 
nique was employed in the animal studies of cyanacetic acid hydrazide 

Male albino mice of the CFI’ strain, weighing 18 to 20 gm. at the start of the expert- 
ment, were used. Each animal was infected by the intravenous inoculation of 0.1 mil. of a 
ten-day culture of the H37Rv strain of Mycobacterium tuberculosis’ in Tween-albumin 
medium. Such a culture contains approximately 10° viable units per ml. The animals were 


divided at random into the following five groups of 4 animals each 


Group I. Untreated controls: Animals in this group were not treated therapeu 
tically but received 0.1 ml. of sterile, physiologic saline daily by the subcutaneous 
route so as to equalize the amount of handling between the control and the drug 
treated animals 

Group II. Streptomycin-treated: Each animal was inoculated 
with 0.1 ml. of a solution containing 30 mg. of streptomycin (400 mg. per ml 
daily. Caleulating on the basis that each animal weighed 20 gm., this daily dosage 
would be equivalent to 150 mg. per kg. of body weight 

Group III, Isoniazid-treated: The daily dosage received by each animal in this 
group was 0.1 ml. of a solution containing | mg. of isoniazid (10 mg. per ml.) equiva 
Inoculation was done subcutaneously 


subcutaneously 


lent to 50 mg. per kg. of body weight 
Group IV. Cyanacetie acid hydrazide-treated: In this group each animal was in 
oculated subcutaneously with 0.1 ml. of a solution containing | mg. of cyanacetie 
acid hydrazide (10 mg. per ml This daily dosage is equivalent to 50 mg. per kg 
of body weight 

Group V. Cyanacetic acid hydrazide-treated : These animals were treated similarly 
to those in Group IV, but with the drug dosage doubled, i.e., they each received 


0.1 ml. of a solution containing 2 mg. of the drug, equivalent to 100 mg. per kg. of 
body weight 


The animals were given water and fed Purina Dog Chow pellets ad libitum during the 


course of the experiment. All drugs were dissolved in distilled water, sterilized by filtration 


through ultra-fine sintered glass filters, and kept under refrigeration when not in use, The 


solution of evanacetic acid hydrazide was freshly prepared eac h day, however, since this 


All treatments were begun twenty four hours after 


drug deteriorates rapidly in solution 
On the twenty-first day after 


infection and were continued for a total of twenty days 


infection, all animals were sacrificed, and the spleen of each was ground mechanically 
Uspen 


5 ml. of 2 per cent albumin solution with Teflon” tissue homogenizers. The tissue 


sion was diluted with 0.1 per cent albumin (in distilled water) into the following dilutions 


10°, 10°?, and 10°*, Drops of 0.02 ml. each of each dilution, including the undiluted tissue 


suspension, were deposited in dupheate on the drv surface of oleic-albumin-agar contained 


in a Petri plate. All 8 drops from each spleen could thus be inoculate d into separate, divided 
to prevent 


sectors of a single 100 mm. plate. The plates were incubated in plastic bag 
ind colonies of tubercle bacilli from enc h drop were counted with 


desiccation) at 37° 
From these counts, the number of 


the aid of a colony microscope after twenty-one days 


viable units per splee n could thus be estimated 


Clinical Studies 


Since October, 1954, 6 patients have been treated with evanacetic acid hydrazide. Three 


patients received the drug for a total of six months, one patient for five months, one for 


2 Obtained from Carworth Farms, Inc., New City, New Yor! 

‘Obtained through the courtesy of Dr William Steenken, Jr., of the 
Trudeau. New York. This organism has been maintained in stock eulture 
ind had undergone one passage through a mouse prior 
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four months, and one for three months. All patients had far advanced pulmonary tuber 

culosis at the onset of therapy, and the concentrated sputum was positive for tubercle 
bacilli on microscopy as well as by culture. The ages of the patients ranged from twenty 

eight to forty-two years. Two patients under study were treated for a pneumonic type of 
tuberculosis which was believed to represent a postoperative spread of disease 

Dosage The dosage of cyanacetic acid hydrazide employed was 5 mg. per kg of body 
weight per day divided into equal doses after meals. In 5 patients the drug was administered 
along with 1 gm. of streptomycin intramuscularly twice weekly, and in one patient it was 
given together with 16 gm. of sodium PAS daily. Each of the 6 patients had received pre- 
vious multiple-drug therapy consisting of streptomycin, para-aminosalicylic acid (PAS), 
and isoniazid 

A review of drug-susceptibility data on each patient's strain of tubercle bacilli prior to 
onset of therapy revealed the presence of both streptomycin- and isoniazid-resistant organ 
isms in 2 patients, Three patients were discharging streptomycin-resistant bacilli which 
were susceptible to isoniazid, and the organisms from one patient were completely sus- 
ceptible to both streptomycin and isoniazid (table 1) 

The trend of disease prior to onset of therapy with cyanacetic acid hydrazide was con- 
sidered to be progressive in 3 patients, stationary in one patient and, in the remaining 
2 patients, a recent postoperative pneumonia was present 

Before instituting therapy with cyanacetic acid hydrazide, the preliminary laboratory 
studies obtained were a complete blood count, a blood urea nitrogen, thymol turbidity, 
and a routine urine examination; sputum or gastric culture with drug-susceptibility tests 
to isoniazid and to cyanacetic acid hydrazide and routine inspiratory chest films. During 
treatment a complete blood count was obtained every two weeks; urinalysis for albumin 
sugar, and sediment every two weeks; determination of blood urea nitrogen and thymol 
turbidity every two weeks for two months, then once a month thereafter; sputum or gastric 
cultures with drug-susceptibility tests for isoniazid and cyanacetic acid hydrazide every 
two weeks; and roentgenograms of the chest every month. The usual hospital observations, 
including weekly checks on weight and amount and character of sputum, as well as daily 


temperature routines, were carried out on all patients 
RESULTS 
In Vitro Studies 


The results of in vitro drug-susceptibility tests on tubercle bacilli isolated from 
patients treated with eyanacetic acid hydrazide are summarized in table 1. In 


view of the fact that cultures from 5 of the 6 patients showed growth at a con- 


centration of 100 7 or more of drug per ml. of medium at the start of treatment, 
it is difficult to state in definite terms the exact level at which in vitro resistance 
may be said to occur. It is doubtful, however, if the blood concentrations of the 
drug actually reach levels of 100 y per ml. with the dosage given, although it is 
conceivable that the drug may be capable of exerting a therapeutic effect at a 
lower concentration im vivo than is required for the inhibition of growth in vitro. 

In table 2 the results are shown of susceptibility tests to isoniazid and to 
eyanacetic acid hydrazide done in parallel with 20 strains of tubercle bacilli, 18 
of which were from patients not treated with cyanacetic acid hydrazide. Of the 
13 strains inhibited by 100 y of this drug per ml., all were susceptible to 1 y of 
isoniazid per mil, Of the remaining 7 strains which were not inhibited by a con- 
centration of 100 7 or more of cyanacetic acid hydrazide per ml. of medium, 


3 were not inhibited by 1 y of isoniazid per ml. of medium, while the other 2 
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TABLE 1 
SumMARY OF IN Virro Tests oN Cuvrures From Patients TREATED WITH CYANACETIC 
Acip HypRrazipe 


Highest Concentrat 


ntration (« hick 
entratior y per mi at Whi Growth O 


srred at the Start of Treatment 


_yanaceti 
Isoniazid Acid 
Hydrazide} 


10 

10 300 

S00 

100 

300 

8. B 0 


The concentrations used, in per ml.. were 10, 10°, and 10 


The concentrations used, in y per ml., were 1, 5, and 10 
t The concentrations used, in y per ml., were 100, 150, 200 and 300 


TABLE 2 
iN Virro Tests or Tuperc ie PATIENTS 


Nov Treatep wirn Cyanacetic Acip Hyprazipt 


i 


H37Ry 
H37RI 
W555 
on 
OAS 


Denotes occurrence ot growth 


Denotes absence of growth 
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were inhibited by this lowest concentration of isoniazid used. Of interest was the 
finding that the H37RI strain, an isoniazid-resistant variant of the H37Rv 
strain which grows in at least 10 y of isoniazid per ml. of medium, demonstrated 
no higher resistance to cyanacetic acid hydrazide than the parent isoniazid- 
susceptible H37Ry strain 

Other investigators (11, 12) have warned of the possibility of cross-resistance 
between isoniazid and cyanacetic acid hydrazide. Analysis of the present in vitro 
results shows that, although strains resistant to isoniazid are more likely to re- 


quire higher concentration of eyanacetic acid hydrazide for the inhibition of 


growth than are strains susceptible to isoniazid, the relationship is not clear cut. 
Thus, the results are inconclusive in this respect and can provide no definite 
answer to the question of cross-resistance between the two drugs. In this con- 
nection, it may be worthy of mention that repeated efforts were unsuccessful 
to isolate, by the gradient-plate technique (13), naturally occurring resistant 
variants of the H37Ryv strain which would grow in concentrations of cvanacetic 


acid hydrazide greater than 150 y per ml. of medium. 


tnimal Studies 


For some inexplicable reason, all 4 mice in Group 11, the streptomycin-treated 
group, were found to be dead on the second day after infection, having received 
one dose of the drug the previous day. The cause of death was not determined. 
The results of therapy in the remaining groups of mice are tabulated in table 3. 


As may be seen, no appreciable decrease in the bacterial population was detected 


TABLE 3 
Resuvrs or ANIMAL Srupies wirn Cyanacetic Acip Hyprazipe 


Meuse Estimated Number of 
Grou Treatment Daily Dosage r Viable Units of Tuber 
Number Becilli is 
' ac im ern 


Untreated (saline 0.1 ml 27 
10* 


Isoniazid 5O mg. per kg 


Cyanacetie acid hydrazide mg. per kg 


Cyanacetic acid hydrazide 100 mg. per kg 


I 

<a 
ave 

0 
2 3.06 10° 

3 3.75 x 10? 

2.50 x 10? 
=, 3 1.47 10° 

6.93 10° 
6.93 108 
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in the spleen of any of the animals in the two groups which received cyanacetic 
acid hydrazide (Groups 1V and V), while the spleen population in the animals 
of the isoniazid-treated group (Group 111) were all significantly lower than those 
found in the animals of the untreated control group (Group / 


Clinical Studies 


All patients were maintained on a program of modified bed rest with bath 
room privileges prior to and during therapy with eyanacetic acid hydrazide 
Of the 6 patients studied, only one (5. B demonstrated any degree of clinical 


improvement which might be attributed to the effeets of cyanacetic acid hy 


drazide (table 4) 
No significant side effects were encountered during the entire study. Pares 


TABLE 4 
CuNreaL EvaLuatTion oF Stx Patients DURING ADMINISTRATION OF 
Cyanacetic Actp Hyprazipe 


Weight 24-Hour Sputum 


‘ Moderately Unchanged 
severe 
provement 

98.6 Severe Unchanged 
99.6 104 Severe Worsened 
148 Severe Worsened 

8S. B 98.6 11S Moderately Marked im 


severe provement 


Control observation 
) After receiving cyanacetic acid hvdrazide for three to four months 


TABLE 5 
or Cyanacetic Actp Hyprazipe on Unine or Treatep Patients 
M 


«6101S 3+ 10-15 leuko Many leuko 
cvtes 

1008 1024 Trace Trace Trace Trace 10-15 leuko- 1-3 leuko 
cytes Vtexs 

Trace 0 0 Negative mative 

120 1014 Trace 0 0 Negative gative 

Negative 


(C—Control observation 
1), ~After receiving evanacetic acid hydrazide for three to four months 
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TABLE 6 
or Cyanaceric Hyprazive oN Hemocram or Treatep 
PATIENTS 


13.5000 14.3500 
Om) 1) 000 
14.8500 S450 
16.75%) 12.00 
13.700 15.400 
10.700 6.550 


Post hemorrhage 
Control observation 


I) After receiving cyanacetic acid hydrazide for three to four months 


TABLE 7 
or Cyanacetic Acto Hyprazipe oN Biroop Nerroa 


Tursipiry Vatces or Treatren Patients 


Blood Urea Nit 


Macl igen 
6.0 


( Control observation 
1), After receiving cyanacetic acid hydrazide for three to four months 
Normal values (ranges for this laboratory 

Urea nitrogen, serum 10 to 25 mg. per 100 ml 


Thymol turbidity test—4 units or less 


thesias, which were commonly observed in Marmion’s (4) study of 20 patients 
treated with cyanacetic acid hydrazide, did not occur 

In tables 5, 6, and 7 are depicted the results of laboratory examinations of 
the blood, urine, blood urea nitrogen, and thymol turbidity test during the 
study. It is obvious that no abnormalities were detected 

Roentgenographic response was noticeably lacking in all patients except one 
(S. B.) whose postoperative roentgenograms revealed a rather extensive, pneu 


mone type ol disease. At the end of six months of therapy with cvanacetic acid 


hvdrazide, roentgenograms showed marked improvement, which could have 


been due to bed rest and coexistent streptomycin therapy, as the patient’s strain 
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of tubercle bacilli was susceptible at the beginning of treatment. All patients 
were in the infectious state at the beginning ot therapy with evanacetic acid hy 
drazide; tubercle bacilli disappeared from the sputum of one patient during or 


after treatment with evanacetic acid hydrazide 


DISCUSSION 


The in vitro results show that the concentration of cyvanacetic acid hydrazide 
required to inhibit the growth of all strains of tubercle bacilli tested is many 
times greater than the inhibitory concentration of isoniazid. This does not neces 
sarily indicate that the activity of evanacetic acid hydrazide in rive is also lower 
than that of isoniazid. The question ol whether or not there ts cross-resistance 
between evanacetic acid hydrazide and isoniazid has not been settled by these 
experiments 

In the mouse spleen population experiment, while isoniazid greatly reduced 
the number of viable units of tubercle bacilli that could be recovered from the 
spleen, eyanacetic acid hydrazide, in the two dosages used, did not alter the 
mouse spleen bacterial population to any appreciable degree Admittedly the 
results from the relatively small number of animals used in the experiment do 
not lend themselves well to statistical analysis; nevertheless, the results were 
subjected to the non-parametric statistical median (chi-square) test (10), and 


the following results were obtained: 


a. The results in the four differently treated groups of mice, including the 
untreated control group, are significantly different from enc h other at the 
2 per cent level of confidence 
When the medians of the three chemotherapeutically treated Groups [11, 
IV, and V are compared, they are found to be significantly different at the 
2 per cent level of confidence 

c. Comparison of the medians of Groups IV and V, the groups treated 
with evanacetic acid hydrazide, however, shows that they are not signifi 
cantly different (p 0.20) trom each other or from Group I, the untreated 


control group 


Hence. statistically, only the results of the isoniazid-treated group (Group 111) 
differed significantly from the results of the other groups, including the control 
group. Thus, evanacetic acid hydrazide, under the conditions of the experiment, 
was ineffective in altering the number of viable units of tubercle bacilli in the 
spleen of mice. On the other hand, isoniazid, im the dosage given, Was able to 
reduce the mouse spleen bacterial population to a significant degree 


It is obvious that one is unable to comment from such a small study on the 


therapeutic efficaey of cyanacetic acid hydrazide, although these preliminary 


studies would indicate that this drug does not POSSESS potent tuberculostatic 
properties 
The results of careful laboratory determinations, as well as clinical observa 


tions. failed to reveal any evidence of toxicity to eyvanacetic acid hydrazide 
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SUMMARY 


In vitro susceptibility data revealed that the concentratron of cyanacetic acid 


hydrazide required to inhibit the growth of tubercle bacilli was many times 
yreater than the inhibitory concentration of isoniazid 

Under the conditions of this experiment, eyanacetie acid hydrazide was in- 
effectual in altering the number of viable units of tubercle bacilli in the spleens 
of infeeted mice treated with 50 mg. as well as 100 mg. per kg. of body weight 
per day 

Although the few patients treated did not show any convincing therapeutic 
effect from treatment with eyanacetic acid hydrazide, no deterioration was ob 


served during the period of therapy and no toxicity was evident 


SUMARIO 


Katudios in Vitro ¢ in Vivo de la \ctividad Antituberculosa de la Hidracida 


del Acido Cranacélico 


Datos relativos a la susceptibilidad in vitro revelaron que la concentracion de la hidra 
cida del dcido cianacético requerida para inhibir la proliferacién de los bacilos tuberculosos 
era muchas veces mayor que la concentracién inhibidora de la isoniac ida 

hen las condiciones de este experimento, la hidracida del Acido cianacético result ine 
fieaz para alterar el ndmero de unidades viables de bacilos tuberculosos en los bazos de 
ratones infeetados y tratados con 50 mg. asi como con 100 mg. por kg. de peso vivo al dia 

Aunque los pocos enfermos tratados no mostraron ningtin convineente efecto terapéu- 
tico de i hidrne ida del ido ‘ ianacético tampoco ae obser vo deterioro durante el periodo 


de tratamiento y no hubo signos de toxieidad 


RESUME 
Kiude in vivo et in vitro de activité antituberculeuse de Uhydrazide de acide yanacélique 


Lex données acquises sur la sensibilité in vitro révélent que la concentration (hydrazide 
de acide evanacétique inhibant le développement du bacille tuberculeux était considéra 
blement plus la coneentration inhibitrice de l'isoniazice 

lanes les eondi tions de | experience, hydrazide cle ide evannae etique etait dépourvue 
Weffieacité pour réduire le nombre d’unités viables du BK dans la rate de sourts infectées 
et traitées avee des doses quotidiennes de 50 mg ou de 100 mg/kg 

les malades traités prar Vhydrazide acide « inacetique 
pas présente effets thérapeutiques convaincants, aucune aggravation ef aucunhs signes 
de toxpeité ne Turent observe pendant Ie période de traitement 
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INTRODUCTION 


The chemotherapy of tuberculosis in man has changed both the incidence and 
the clinical course of the disease. Such therapy, especially treatment with 


isoniazid, has also altered certain physiologic characteristics of some of the 


tubercle bacilli found in treated patients. The isoniazid-modified tubercle bacilli 


present a new problem to the public health laboratory 


This report deals with four aspects of this problem which are of importance in 


the laboratory diagnosis of tuberculosis: (/) the growth requirements of primary 


cultures of isoniazid-resistant tubercle bacilli; (2) the value of smears as opposed 


to cultures from specimens of isoniazid-treated patients; (3) the stability of 


isoniazid-resistant tubercle bacilli in cultures; and (4) the virulence of primary 


isoniazid-resistant cultures of tubercle bacilli for guinea pigs and mice. 


OBSERVATIONS 


Growth Re quirements 


It has been demonstrated by several workers (1-7) that isoniazid-resistant mutants of 
V. tuberculosis have different growth requirements than the susceptible strains from which 
they were derived. Moreover, these special requirements are not uniform, and different 


strains of isoniazid-resistant tubercle bacilli have different metabolic patterns. Fisher (2) 


found that at least | y of hemin per liter of medium was necessary for growth of isoniazid 


resistant test strains on his special medium. Cohn and associates (1) showed that metabo 


lites, such as hemin, certain inorganic iron salts, pyruvic acid, and an alpha-keto acid, 


stimulated the growth of three different types of isoniazid-resistant mutants of tubercle 
bacilli in a synthetic medium. They reported that even traces of manganous ions inhib 


ited the growth of catalase-negative, isoniazid-resistant tubercle bacilli, and that this 


inhibition was neutralized by the previously mentioned metabolites. Barry and his co 


workers (3) reported that hemoglobin was as active as hemin but that when hemin was 


used in their medium some isoniazid-resistant strains of tubercle bacilli failed to grow 
Moreover, these workers found that no single protein fraction of serum or any combina 


tion of serum protein fractions produced complete growth of all of their eight isoniazid 


resistant test strains of tubercle bacilli. All strains developed only when whole serum was 
used. Friedman and Haugen (4) found that whole serum and plasma have a content of 
pyruvic acid, as well as of ketones, sufficient to support the growth of isoniazid-resistant 


Lat mutants. Middlebrook and colleagues (5) reported that the incubation of isoniazid 
vs resistant cultures of tubercle bacilli in an atmosphere reinforced with 1-5 per cent of 
La carbon dioxide stimulated the growth of certain of the strains. Activated charcoal was 
y reported to stimulate growth of tubercle bacilli, probably due to its adsorption of certain 
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FABLE 1 
Comparison or Growin or Bacitit or TREATED 
Parients oN Turner Dirrerent Tyres or 


Number and Pe ent Po ' h Me 


* See references 6 and 7 


TABLE 1A 
Comparison or Grown or 100 Srrains oF Tunerece 


AND wirnout? Five Per Cent Carson Dtoxipe 


inhibitors in agar-aga r to its effect on surface tension of the 


catalase-like acti 


Since a need for a sensitive, sumple, eggless medium for routine cultural 
diagnosis of specimens from drug-treated as well as untreated patients has existed 
for a long time, two charcoal media (6, 7) were tested in this laboratory along 
with the Lowenstein-Jensen medium, a modified Peizer-Schechter agar OS) and 
a new serum agar consisting of various salts as well as starch, agar, and serum 
which will be deseribed in detail elsewhere (9 


Three hundred known positive specimens taken from patients under tsoniuzid 


therapy and concentrated by the trisodium phosphate transport-digest method 


(10) were used to test the eflicrences of the media. In order to test the requirement 
of carbon dioxide for growth of certain jsomazid-resistant tubercle bacilli, one 
hundred primary cultures were used to imoculate egg-yolk and serum-agas 
plates with amounts of isoniazid which vaned trom Oto lOOy per mil. of medium 
The results of both the media and the carbon dioxide COMParisons are seen in 
tables 1 and LA, respectively 

0.5 per cent sodium of asparugine 


i.) per cent 2.0 percent aol percent 
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Taking into consideration all the reports mentioned, it appears that the most 
effective and practicable media for routine primary cultivation of tubercle 


bacilli from specimens of isoniazid-treated patients are those containing egg 


yolk or whole serum. From the present study, it also appears that carbon dioxide 


is not an essential requirement for growth of tubercle bacilli when egg-yolk or 


serum media are employed 


Microscopy versus Culture 


The increased frequency with which smears from specimens of isoniazid- 
treated patients are found to contain acid-fast bacilli from which cultures are 


negative for tubercle bacilli poses a problem of primary importance in the public 
health laboratory as well as in the elinie (5, 11). Accordingly, this problem was 


investigated using 2,178 concentrates of specimens from isoniazid-treated pa- 


tients. The results of this study are summarized in table 2 
As may be seen in table 2, the results indicate that culture represents by far 


the more accurate aid in diagnosing tuberculosis in man. 
The increase in the number of specimens positive only on microscopy may be 


due to the sterilizing effect of isoniazid on susceptible and weakly resistant 


bacilli. This sterilizing effect was reported by several writers in studies of the 


in vitro effect of isoniazid on tubercle bacilli (12-14). Electronmicroscopic 


studies by Braunstemer and Co workers { 15) of the effect of isoniazid on tubercle 


bacilli in vivo during treatment of tuberculous patients with isoniazid indicated 


that intracellular plasmolysis of the bacilli occurred most often, accom- 


panied by the formation of empty, intact bacterial membranes. These empty 


membranes retained the original bacillary morphology for approximately twenty- 
four hours before disintegrating. It is possible that such dead bacillary forms 


also retain their acid-fast characteristics for at least part of the time prior to 


disintegration. Such remains of tubercle bacilli, when seen in smears, may be at 


least one cause for an increase in the number of examinations positive only on 


MuCcroscopy 


TABLE 2 


Micnoscory anno Cuvrure rrom 2,178 loenticaL 


COMPARISON OF 
ConcenTRaTeEs From Patients Receivina Isontazipo THerary 


178 


Total number examined 


Total number positive for tubercle bacilli 275 
Number positive on culture and microscopy 130 17 
Number positive on culture alone 120 14 
Number positive on microscopy alone 25 Q* 
Total number positive on microscop) 155 
Total number positive on culture 2) ol 


*9Q per cent is an increase of 6.6 per cent over 1952 results of 2.4 per cent 
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TABLE 3 
ReGression or 33 Strains or Tunercie Arrer Growin 
on Isonrazip-Free Mepium ror Twenty GENERATIONS 


ants to Drugle Medium After Twenty Transplants to Drugless Medium 


Resistance to Isoniazid 


Number Number per ml 


{ . oan Catalase Activity 
Strains 

10 

Negative Negative 

Positive : : Positive 

Positive Positive 

Positive Positive 

Positive 3 Positive 


Positive Positive 


Stalnlity of Isoniazid Resistance 


Regression of isoniazid resistance of tubercle bacilli is reported (16-18) to 
occur in vivo in patients after termination of treatment with the drug. Public 
health laboratories are concerned with this phenomenon of regression. The 
phenomenon has been subjected to study im ritro, and the test results are sum 
marized in table 3 

It may be seen in this table that the catalase-negative, isoniazid-resistant 
strains of tubercle bacilli remained unchanged. The catalase-positive, isoniazid 
resistant organisms, on the other hand, seemed to display a tendency to regress 
to a lesser isoniazid resistance. This tendency among catalase-positive tubercle 
bacilli was also noted when cultures were recovered from guinea pig tissues after 


experimental infection 


The Virulence of Drug-Resistant Tubercle Bacilli 


It is well established (4, 5, 19, 20) that isoniazid-resistant, catalase-negative 
tubercle bacilli have modified virulence for guinea pigs. The lesions which these 
bacilli produce in the first two to four weeks after infection of guinea pigs regress, 
so that gross visceral lesions are rarely seen in infected animals after six to 
eight weeks following injection (21). Thus, it appears that it will take a long time 
to discover the role of isoniazid-resistant tubercle bacilli in man. However, it was 


of interest to examine again the effect of such bacilli on guinea pigs and mice in 


the hope that some consistent patterns of disease might emerge in these animals 


The present study of the virulence of tubercle bacilli from specimens of pa 


tients receiving isoniazid therapy was carried out as follows 


Measured amounts of 25 homogenized concentrates were inoculated on egg-yolk and on 
serum-agar plates with coneentrations of 1, | 5, ), and 100 + of isoniazid per ml. of 
medium. Controls were also prepared which contained no drug. After incubation, part of 
each primary growth was used for a catalase-activity test and part for injection into 3 guinea 
pigs and 2 mice 

Tuberculin-negative guinea pigs, each weighing approximately 350 gm., and mice (CFI 


strain), each weighing approximately 11 gm., were injected with tubercle bacilli from the 
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primary growths on the agar plates. The guinea pigs were injected subcutaneously with 
0.25 ml. of emulsions in phosphate buffer pH 7 which were of like densities contaimig about 


3 & 10° bacterial units. The mice were injected intravenously with 0.1 ml. of each emulsion 


In tables 4 and 5 are shown the correlation between catalase activity. of 
isoniazid-resistant tubercle bacilli and virulence of such organisms for the guinea 
pig. Three types of catalase reaction of tubercle bacilli (22) found in the 25 test 
concentrates and the virulence of the three types of strams for guinea pigs (255 
are represented in table 4 

In table 5 it may be seen that guinea pigs infected with the cultures resulting 
from the 25 test specimens developed substantially different degrees of disease, 
associated with the catalase activity of the infecting organisms rather than the 
degree of isoniazid resistance 

It may be seen in table 5 that all animals sacrificed at three weeks had slight 
to moderate tuberculous infection (24). Eight animals did not survive this early 
initial surge of the disease and died of tuberculosis. The visceral organs of 4 
guinea pigs with slight lesions and those of 2 more animals without any gross 
lesions, all sacrificed at six weeks, contained tubercle bacilli which grew on 
culture. The isoniazid-susceptibility and catalase-activity tests of the 52 cultures 
of tubercle bacilli recovered from the tissues of the 26 animals in this group 
sacrificed at three weeks and of 6 animals sacrificed at six weeks remained the 
same as those of the infecting cultures. The remaining 35 guinea pigs, sacrificed 
at six and fourteen weeks, had no gross lesions, and smears and cultures of their 
tissues were negative for tubercle bacilli. The lack of lesions in these guinea pigs 
indicated a regression of the early tuberculous infection, It has been reported 
elsewhere (20) that the tuberculin skin reaction of guinea pigs which survived 
injection with certain isoniazid-resistant strains of tubercle bacilli and which 
were allowed to live for long periods of time reverted from tuberculin positive 
to tuberculin negative, 

It is also demonstrated in table 5 that guinea pigs infected with catalase 
positive, isoniazid-resistant tubercle bacilli developed a delayed progressive 
tuberculous disease. However, this infection appeared to be more benign than 
the classical tuberculosis which is usually caused by isoniazid-susceptible bacilli 
in guinea pigs. The animals continued to gain in weight and appeared normal 
throughout the experiment. Even those guinea pigs which died of tuberculosis 
seldom showed any loss of weight 

Drug-susceptibility tests of tubercle bacilli recovered from the tissues of 
animals of this group which were sacrificed at six weeks indicated a tendency 
toward regression to a lesser resistance to isoniazid as compared with the drug 
resistance of the original infecting cultures. This trend was even more pronounced 
among animals of this group which were sacrificed at fourteen weeks. 

The results obtained from the studies with mice served only to confirm those 


of previous reports (5, 20, 24, 25) and, briefly summarized, were as follows 


Mice which died two to four weeks after injection with the tubercle bacilli had 


acute tuberculous pneumonia, and masses of acid-fast bacilli were observed in 
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smears from lung tissue. Cultures were positive for tubercle bacilli, and isoniazid 
resistance and catalase-activity tests varied only rarely from those of the infecting 
cultures. Surviving mice, sacrificed at six weeks after infection also had tubercle bacilli 
in lung tissue both on smear and culture. The degree of isoniazid resistance and cata- 
lase activity of the infecting cultures did not seem to affect the virulence of the 


tubercle bacilli for mice 


It appeared that the rate of multiplication of the bacilli in the lung tissue of 
the individual mouse determined the extent of the infection. Some of the mice 
infected with catalase-negative, highly isoniazid-resistant bacilli died as early 
as others infected with weakly resistant and catalase-positive organisms. 


SUMMARY 


Studies made in the writers’ laboratory support the reports of others to the 
effect that media containing egg yolk or serum are the most efficent for routine 
diagnosis of tuberculosis. Comparisons of the efficiency of cultures as opposed to 
microscopic examination of smears indicated that the culture technique is still 
the most effective aid in laboratory diagnosis of tuberculosis 

Isoniazid-resistant, catalase-negative tubercle bacilli seem to be stable mutants, 
On the other hand, isoniazid-resistant, catalase-positive tubercle bacilli have a 
tendency to regress to lower drug resistance im vitro and in vivo in guinea pigs 

Catalase-positive, isoniazid-resistant tubercle bacilli produce delayed, pro- 


gressive tuberculosis in guinea pigs. Catalase-negative, isoniazid-resistant tubercle 


bacilli produce an early, usually slight visceral infection in guinea pigs which 
regresses, and the lesions heal in animals which survive the initial surge of the 
disease 

No difference was observed between catalase-negative and catalase-positive, 
isoniazid-resistant tubercle bacilli with respect to their virulence for mice 


SUMARIO 


Ciertas Nuevas Observaciones in Vivo € in Vitro sobre el M. Tuberculosis y su Aplicacion 
Practica en el Laboratorio de Higiene Piblica 


Los estudios realizados en el laboratorio de los AA. prestan apoyo a las comunicaciones 
ajenas en el sentido de que los medios que contienen yema de huevo o suero son los més 
eficaces para el diagnéstico sistemético de la tuberculosis. Comparaciones de la eficacia de 
los cultivos en contraposicién a los frotes indicaron que la téenica de los cultivos continda 
siendo el auxiliar més eficaz en el diagnéstico de la tuberculosis en el laboratorio 

Los bacilos tuberculosos isoniacido-resistentes, catalaso-negativos parecen representar 
mutantes estables. En cambio, los isoniacido-resistentes, catalaso-positivos muestran 
tendencia a retrogradar a menor fArmacorresistencia in vitro & in wipe en los cobayos 

Los bacilos tuberculosos isoniacido-resistentes, catalaso-positivos producen tubercu 
losis evolutiva demorada en los cobayos Los isoniacido resistentes, eatalaso- neqgativos 
producen una incipiente y por lo general leve infeeeién visceral en los cobayos, que retro 
grada, cicatrizando las lesiones en los animales que sobreviven el empuje inicial de la 
enfermedad 

No se observé diferencia alguna entre los bacilos tuberculosos isoniacido-resistentes 


catalaso-negativos y catalaso-positivos en lo relativo a su virulencia para los ratones 
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RESUME 


Certaines observations nouvelles in vivo et in vitro sur le M. tuberculosis et leur application 


pratique au Laboratoire d’Hygiene Publique 


Les études effectuées dans le laboratoire des auteurs confirment les rapports d'autres 
observateurs quant A la superiorité des milieux A l’oeuf ou au sérum pour le diagnostic 
routinier de la tuberculose. Les comparaisons sur l'efficacité des cultures, par rapport 


A celle des étalements, ont indiqué que la méthode de culture demeure toujours le moven le 


plus efficace dans le diagnostic baetériologique de la tuberculose. Les bacilles tuberculeux 


catalase négatifs, isoniazide-résistants semblent stabiliser les mutants; d’autre part les 
bacilles tubereuleux catalase positifs, isoniszide-résistants ont une tendance A présentée 
une régression de leur résistance A l’isoniazide in vitro et in vivo chez le cobaye 

Les bacilles tuberculeux catalase positifs, isoniazide-résistants déterminent chez le 
cobave une tuberculose évolutive différée. Les bacilles tuberculeux catalase-négatifs, 
isoniazide-résistants produisent précocement chez le cobaye une affection viseérale habi 
tuellement légere et qui régresse: chez les animaux qui survivent A l’attaque initiale de la 
maladie les lésions se cicatrisent 

Aucune différence, A l’egard de leur virulence pour la souris, n’a été observée entre les 


bacilles tuberculeux isoniazide-résistants catalase-négatifs et catalase positifs 
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Case Reports 


CARCINOMA OF THE LARYNX ASSOCIATED WITH 
BRONCHOGENIC CARCINOMA!’ 


EDWARD C. LEWIS, IL, BURNETT SCHAPFE 


Received for publication March 22, 1956 


INTRODUCTION 


Considerable attention has been directed toward the appearance of multiple primary 


tumors in the gastrointestinal and genitourinary systems. Little has been written about 


the occurrence of multiple primary lesions in the respiratory tract. There are a few reports 


of multiple papillomas of the larynx, trachea, and bronchi; some of these have undergone 
malignant changes (1, 2). Since 1950, 10 cases of carcinoma of the larynx, occurring prior 
to or simultaneously with carcinoma of the bronchus, have been seen at the Veterans 
Administration Hospital at Coral Gables, Florida. Two other patients were treated at 
neighboring hospitals. Five patients had extensive post-mortem examinations and are 
discussed in detail elsewhere (3). Of this group of 12 patients, the following examples were 


selected to illustrate the problems of laryngeal carcinoma associated with bronchogenic 


carcinoma, 


CASE REPORTS 


Case 1. E. L., a 64-year-old white male, was admitted to the hospital on March 15, 1955 
\ review of his past history disclosed that he had had a squamous cell carcinoma of the 
larynx treated by irradiation in 1938 at a university medical center. Chest roentgenograms 
taken at the time of admission to this hospital demonstrated a lesion in the left lung which 


appeared to be inflammatory The patient was bronchoscoped and a biopsy from a tumor of 


the left upper lobe bronchus showed adenocarcinoma The larynx appeared normal on la- 
A left pneumonectomy was done on May 10, 1955; recovery ensued. The pa- 


ryngoscopys 
tient was discharged on May 21, 1955 


Comment: The interval between the appearance of the laryngeal and the bronchogenic 
carcinoma in this case was seventeen years. The two tumors presented definitely different 


histologic patterns, one being a squamous cell carcinoma and the other an adenocarcinoma. 


Case 2.2 A 50-year-old white male had a right hemilaryngectomy for a carcinoma of the 


right vocal cord in July, 1944. This was followed by irradiation to both sides of the neck, 
Examination in October, 1953, at Victoria Hospital in Miami revealed a granular lesion on 


the laryngeal surface of the epiglottis which proved on biopsy to be a squamous cell car 


cinoma. On October 3, 1953, a laryngectomy, thyroidectomy, and right radical neck dis 


section were done. No carcinomatous changes in the lymph nodes were found in the speci- 
men. The patient did well until June, 1955, when he complained of dyspnea and fatigue. 


Subsequent studies and a thoracotomy revealed an inoperable carcinoma of the right lung. 
This was reported as an undifferentiated carcinoma of the right lung which differed histo- 


logically from the squamous cell carcinoma of the larynx 


! Prom the Surgical Service, Veterans Administration Hospital, Coral Gables, Florida; 
and the University of Miami School of Medicine, Miami, Florida 

* Presented by permission of Dr. J. J. Zavertnik. 
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Comment: This case illustrates the appearance of three different carcinomas of the 


respiratory tract which occurred over a nine-year period 


Case 32 8. F.. a 67-vear-old white male, had had a chronic cough for twenty years, when in 
August, 1953, a chest roentgenogram disclosed a suspicious infiltrative lesion in the left 
upp obe. He was admitted to Mount Sinai Hospital Miami Beach, where brone hoscopy 
and biopsy demonstrated an epidermoid carcinoma, Grade II], of the larynx, and thora 
cotomy disclosed a transitional type of carcinoma of the left upper lobe with mediastinal 
lymph node involvement. The pathologist's opinion was that the bronchial carcinoma 


was not a metastatic lesion from the larynx and that the two represented different primary 


tumors 


Comment: This case illustrates the simultaneous appearance of a laryngeal and a 


bronchogenic carcinoma of different histologic patterns 


DISCUSSION 


Considerable evidence has been presented implicating cigarette smoking and inhaled 
irritants as carcinogenic agents in lung cancer (4). Investigators have been less certain of 
the importance of these factors in the development of laryngeal carcinoma Although there 
appears to have been some increase in the incidence of laryngeal carcinoma, it certainly 
has not approa hed that seen in bron hogenic carcinoma (5 Bron hogeni carcinoma 18 
estimated in America as comprising 8 to 20 per cent ol all cancer deaths, while laryngeal 
carcinoma accounts for only a very small portion of these deaths (6). It cannot be said 
from the small series presented here that smoking is a factor in carcinoma of the larynx, 
but all of the 12 patients were cigarette smokers 

It has been observed that in none of these cases did the bronchogenic carcinoma 


precede the larvngeal carcinoma. This observation was confirmed in a study by the 


present writers of more than 600 people with bronchogenic carcinoma (half of which 


came to post-mortem examination). In all of the cases seen, the bronchogente carcinoma 
followed, or occurred simultaneously with, the laryngeal carcinoma. This tendency for 
the bronchogenic carcinoma to follow another primary, but rarely to precede it, has been 
commented on by other investigators (7, 8). Whether this is in part due to the fact that 
bronchogenic carcinoma has such a poor prognosis that the patients rarely live long 
enough to develop a second primary is not known 

The question has been raised whether the bronchogenic carcinomas seen in this series 
are second primary tumors or are metastases from the laryngeal carcinomas. It is thought 
that the laryngeal and bronchogenic tumors are separate primary lesions for the following 
reasons: First, the interval between the appearance of the two tumors has, in many 
instances, been quite long, and in one case was seventeen years Second, carcinoma of the 
larynx tends to spread via the lymphatics and usually will remain confined to a level 
superior to the clavir les. Third, the laryngeal carcinoma and the bronchogenic carcinomas 
ases shown very different histologic patterns and so have their metastases 


have in many ¢ 


at post-mortem examination (3). Fourth, although it is conceivable that cells from the 


laryngeal carcinoma might be forced down into the bronchus and then implant, this 
seems unlikely since the normal flow of bronchial secretions is in the opposite direction 
Metastatic spread of carcinoma to the larynx is almost unheard of, and there appear to 
be no reported cases ol spread to the larynx from a bronchogenic carcinoma. This should 
eliminate the possibility of a bronchogenic carcinoma’s having spread to the larynx in 


those patients who were found to have simultaneous lesions 


* Presented by permission of Dr. 8 B. London 
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It is believed that the 12 cases reviewed in this series represent multiple primary 


carcinomas of the respiratory tract. The fact that a laryngeal carcinoma may often 


precede a bronchogenic carcinoma should alert the clinician to watch the thorax in any 


person who has been treated for a laryngeal carcinoma. It is emphasized that a tumor 
appearing in the lung after a laryngeal carcinoma has been treated is probably a separate 
primary carcinoma and not a metastasis. It should not be dealt with pessimistically as a 
terminal stage of laryngeal carcinoma, but rather treated as a separate lesion. As suggested 
by Cahan (8), when the laryngeal and bronchogenic carcinomas are found simultaneously, 
the bronchial lesion should be treated first, since it is usually a more rapidly progressive 
tumor. Initial treatment of the bronchial lesion can be accomplished by doing a tra- 
cheostomy at the time of lung resection, thus avoiding trauma to the larynx by intuba- 
tion. At a later date, the laryngeal carcinoma may be treated by surgery or X-ray as 


may seem indicated 


SUMMARY 


Twelve cases of carcinoma of the larynx associated with, or followed by, bronchogenic 
carcinoma are reported. All are believed to be multiple primary tumors of the respiratory 
tract. Patients seen with carcinoma of the larynx should be watched carefully for the 


possible development of a second primary carcinoma in the lung 


SUMARIO 
la Laringe Asociade con Carcinoma Broncogeno 


Desecribense 12 casos de carcinoma laringeo asociados con, © seguideos de, carcinoma 
broneégeno, Todos parecen ser tumores primarios mdltiples del aparato respiratorio. Debe 
vigilarse cuidadosamente a los enfermos en quienes se observa carcinoma de la laringe con 


respecto a la posible aparicién de otro carcinoma primario en el pulmon 


RESUMI 
(ance du lar au cancer hronchioge ne 


Douze cas de cancer du larynx associés ou suivis de cancer bronchiogene sont tr ipportés 
‘Tous ces cas sont considérés comme des tumeurs primitives multiples des voies respiratoires 
Les malades affeetés d'un cancer du larynx doivent étre soigneusement observés pour déceler 


l'apparition possible d'un deuxiéme eancer primitif au niveau du poumon 
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SOLITARY CIRCUMSCRIBED LESION OF THE LUNG B: 
DUE TO CRYPTOCOCCUS NEOFORMANS ' 
CHARLES T. PINNEY® 
(Received for publication March 7, 1956) a 
Pulmonary cryptococcosis (torulosis) in the absence of involvement of other parts of - 
the body is not a very common clinical finding. In the majority of the reported cases, the . 


disease is seen to affect the central nervous system. However, it is believed that lesions 


occur elsewhere in the body and precede the central nervous system involvement. Since 


the portal of entry of the organism is thought by most observers to be the respiratory 


system, it seems strange that so few cases of isolated pulmonary torulosis have been 


diagnosed. Signs and sVinptoms produced by lesions outside the central nervous system 


occur early in the course of the disease and may be easily overlooked. Infections with this 


organism usually terminate fatally; of 220 cases reported in 1951, 86 per cent of the pa 


tients had died within one vear after the diagnosis was established (1) s 
The following case is therefore reported as one of pulmonary cryptococeosis ae 
CASE REPORT 
A 24-year-old white male was referred to Fitzsimons Army Hospital for evaluation of a a 


circumseribed lesion in the right upper lobe discovered on a routine chest roentgenogram 


obtained at the time of leaving military service. The patient had been completely asymp 


tomatic prior to his discharge physical examination except for a feeling of mild fatigue 


Further history revealed that in October, 1953, he had been hospitalized at Fort Bliss Army 


Hospital because of chills, fever, and a dry, nonproductive cough. A chest roentgenogram 


obtained on admission revealed a small cavitary lesion in the right upper lobe (figure | 


The physical examination and laboratory work were noncontributory. The histoplasmin, 


coecidioidin, and tuberculin (PPD) skin tests were all negative in the lowest dilution. His 


symptoms cleared rapidly and he was discharged as fit for military duty. A chest roent 


genogram early in 1054 figure 2 revealed that the lesion in the right upper lobe was «till 


present. New skin tests revealed that the coccidioidin skin test was now strongly positive 


and it was assumed the lesion was one of coccidioidomycosis. The patient completed his 


military service without further symptoms 


Physical examination revealed a well-developed, well-nourished white male who ip 


peared in excellent health Blood pressure was 120 systolic and SO diastolic in mm. of mer 


cury. The complete physical examination revealed no abnormality 


The laboratory studies revealed normal leukocyte and differential counts, and a normal 


hemoglobin, hematocrit, and erythrocyte sedimentation rate. The urinalysis was normal 


Tubereulin PPD first and second strengths and histoplasmin skin tests» 11.000, er 
1:100 dilution) produced no skin reactions The coeccidioidin skin test, 121,000 dilution a 


was strongly positive The complement fixation test for coceidioidomyecosis was positive 


in a dilution of 1:8 on two separate occasions, A bronchoscopic examination was normal 


\ roentgenogram of the chest obtained in June, 1955 (figure 3) revealed a 1.5 em. rounded 


density in the right second anterior interspace. Laminagrams of the right upper lobe demon . 
strated a sharply circumscribed noncaleified lesion measuring 1.5 by 2.0 em. which was a 
located in the anterior segment (figure 4 my 

The patient's roentgenograms were reviewed with the thoracic surgeons and it was the oe 
consensus that there had been an increase in the size of the lesion «ince Oetober, 1953. An - 


' From the Department of Medicine, Fitzsimons Army Hospital, Denver 8, Colorado 


? Present address: Olean Medical Group, 201 South Union Street, Olean, New York 


¥ 
441 


CHARLES T. PINNEY 


Fie. 1 (Left). Chest roentgenogram obtained in October, 1953 


Pia. 2 (Right). Chest roentgenogram obtained in January, 1054 


Chest roentgenogram obtained in June, 1955 
Right). Laminagram obtained in July, 1955 
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PULMONARY LESION DUE TO CRYPTOCOCCUS NEOFORMANS His 


exploratory thoracotomy was therefore performed on August 4 1955, and a 3.0 by 2.0 by 
1 6 em. firm nodule was removed from the anterior segment of the right upper lobe by wedge 
resection. The patient’s postoperative course was uneventful and he was discharged from 


the hospital for separation from military service in September 1055 


Pathologic Re port 


Upon gross examination, a hard plaque was observed on the ple ural surface, and the 
lesion was firm to palpation. The central area was necrotic. Microscopic examination 
revealed a well-encapsulated, caseous granuloma with numerous daughter lesions. A 
Schiff periodic acid stain revealed many organisms which were round and measured 10 
miera in diameter. Smears of the fresh caseous material and tissue stains for acid-fast 


illi were negative ulture revealed al organisms ol (ry Hococcus neoformans 
/ 


COMMENT 


It appears that this case represents an example of an early cryptococs al infection out 
side the central nervous system which was localized to the lungs. Chest roentgenograms 
were obtained early in the course of the illness and, because of the ge ographic location and 
the conversion of the coccidioidin skin reaction to positive, the lesion was presumed to be 
due to coceidioidom ycosis However, the absence of organisms resembling Coccidioides 
immitis in the tissue stains and the negative culture for this organism weighed against 
this diagnosis. The probability that two separate infections were present is good, The 
lesion in the right lung from the onset probably was cryptococcosis. The conversion to 
the patient's coccidioidin skin test at the time of the initial lesion was coincidental 

Pulmonary cryptococcosis without central nervous system involvement is unusual 
Froio and Bailey (2) reported a case with a 4.5 em. mass in the right lower lobe which was 
surgically excised and proved to be due to Cryptococcus neoformans The patient was 
living and well sixty-seven months after surgery. Dormer and associates (3) describe a 
huge tumor in the right lung of a child, 12 years of age, which was resected. Organisms 
identified as eryptococei were found in the surgical specimen. Nichols and Martin (4) 
followed a 54-year-old man with a slowly enlarging nodular lesion in the right lung for 
twenty months. Surgical resection established the diagnosis as a granuloma due to Crypto 
COCCUS neoformans The patient is alive and well eighteen months after surgery Baker and 
Haugen, in describing the tissue changes in cryptococcosis, list four complete autopsies of 
patients dying from other causes in which nodular lesions due to Cryptococcus neofor 
mans were discovered incidentally in the lungs. Three other surgical specimens of the 
lungs were examined and masses varying from 3.5 to 7.5 em. were described. It is stated 
that there was no involvement other than the lungs in these cases 

It appears that cryptococcosis may oecur as an asymptomatic nodular lesion in the 
lung similar to the other granulomatous diseases. It may also produce severe pulmonary 
disease alone, but usually occurs in combination with central nervous system involve 


ment. The roentgenographic picture is not characteristic. Single nodular lesions, single or 


multiple cavitary lesions, pleural effusions, pneumons infiltrations, interlobar effusions, 


empyema, and dense consolidations have all been described. There does seem to be a 
predilection for the lower lobes 

The diagnosis must be established by culture and identification of the organism. Treat 
ment is ineffective at the present time, although large doses of iodides may be tried. It 
appears that the only cures reported in the literature to date are those of patients who 
have had the lesions exemsed surgically. Whether the lesions noted by Baker and Haugen 
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as incidental findings at autopsy were truly healed or would have gone on to produce pro- 


gressive disease cannot be stated. 


SUMMARY 


\ case of a solitary circumscribed lesion of the lung due to cryptococcosis is reported 
The lesion was removed by surgical excision. 


SUMARIO 
Lesion Circunscrita Solitaria del Pulmén Debida al Cryptococcus Neoformans 


Preséntase un caso de lesién circunserita solitaria del pulmén, debida a criptococosis. 
La lésion fué eliminada por la excisién quirdrgica 


RESUME 
Lésion solitaire circonscrite du poumon due au Cryptococcus neoformans 


Un cas de lésion solitaire circonserite pulmonaire due A une cryptococcose est rapporté, 
chirurgicale de la lésion 


REFERENCES 


(1) Canton, C. A., Mount, L, A.; Neurosurgical aspects of cryptococcosis, J. Neuro- 
surg., 1951, &, 143 

(2) Frow, G. F., ann Battey, P.: Pulmonary eryptoegecosis: Report of a case with 
surgical cure, Dis. of Chest, 1949, 16, 354. 

(3) Donmen, B, A., J., Wires, F. J., anv Simeson, W.: Tumor of the lung 
due to Cryptococcus histolyticus, J. Thoracie Surg., 1945, 14, 322 

(4) Nicnois, D. R., ano Martin, W. J.: Cryptococcosis: Clinical course and differential 
diagnosis, Ann. Int. Med., 1955, 43, 467 

(5) Bawen, R. D., ann Havewn, R. K.: Tissue changes and tissue diagnosis in erypto 
coceosis, Am. J. Clin. Path., 1955, 25, 14 


on 
an, 
it 
4 
real 
fia 
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Since Léffler first described his syndrome characterized by transient pulmonary infiltra- 
tion with eosinophilia (1, 2), various allergens have been implicated as etiologic agents. 
In 1952, Warring and Howlett reviewed reactions to para-aminosalicylie acid (PAS) 
and described one case of Léffler’s pneumonitis due to this drug (3). Since then, only six 
additional cases secondary to PAS have been described in the English literature (4-8) 
The following case reports portray three additional examples of allergic pneumonitis 


which occurred during antituberculous chemotherapy 


CASE REPORTS 


Case 1 (A. S \ 38-year-old white male laborer was admitted to the hospital on April 
9, 1952, with far advanced active pulmonary tuberculosis. He gave a twelve-year history 
of tuberculosis with previous treatment including bilateral pneumothoraces and sixty days 
of streptomycin. One week prior to admission, he had been treated at a private hospit il 
because of malaise, calf pain ind ankle swelling \ chest roentgenogram at that time re- 


vealed bilateral pulmonar tuberculosis and he was transferred to Firland Sanatorium 


Physical examination showed evidence of weight loss, Blood pressure was 112 systolic 
72 diastolic in mm. of mereur ind temperature 100.2°F. Moist rales were he ard throughout 
both upper lung field There was calf tenderness without swelling. A positive Homan’s 
sign Was elicited bilaterall Laboratory data included an hematocrit of 42 per cent ind 
a leukoevte count of 5.200 with aS per cent me utrophils ys} per ntl mphoc per 
cent monocytes, 4 per cent eosinophils, and 2 per cent basophils. Urinalysis was normal and 
1 serologic test for syphilis was negative. Blood urea nitrogen and cephalin flocculation were 


normal. Total protein was 7.13 gm. per 100 ml. with 4.5 gm, per 100 ml. of albumin. Admi 
sion smears and cultures of sputum were positive for M. tuberculos: Roent genograms 
showed seattered disease in both upper lung fields, with probable bilateral cavities 
Temperature to 100°] was a daily occurrence. On April 18, 1952, chemotherapy was 
started and consisted of 200 mg. of isoniazid and 12 gm. of PAS each da A chest roentgeno 
gram on May 13, 1952, revealed no change from the admission films (figure 14). On May 14 
1952, the patient had shaking chills and fever up to 103° i chest film showed bilateral 


The PAS was discontinued but the isoniazid was continued 


peripheral upper lung infiltrates 
and penicillin was started empirically. On May 15, 1952, the temperature rose to 105°] 
and was associated with chills and vomiting. A lumbar puncture was performed and the 


findings were normal. The leukocyte count was 15,500, with 78 per cent neutrophils of which 


58 per cent were stab forms and | per cent, eo inophils. The patient continued to have tem 
peratures to 105 | ind had severe paroxvsem of coughing He was unable to eat and intra 
venous fluids were given a il fin Ma 19. 1952, all medication were discontinued, The 
leukoeyte count was 8,200, with 74 per cent neutrophils and 4 per cent eosinophils. On Ma 

2, 1952, a maculopapular pruritic rash sured over moet of his bod: The temperature 
dropped to 103°F., but he became more severely ill with marked dyspnea and anxiet The 
leukoevte eount was 80%) with 77 per cent neutrophil ind per cent eosinophil 


From Firland Sanatorium, Seattle, Washington 
? Present addre Peter Bent Brigham Hospital Boston, Massachusetts 
Deceased 
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PNEUMONITIS DURING ANTITUBERCULOUS ¢ HEMOTHERAPY 


On May 22, 1952, a roentgenogram showed more extensive, fluffy appearing, p« ripherally 
located, bilateral infiltrates, most marked at the bases (figure 1B). The highest temper 
ature recorded that day was 100°F. Physical examination revealed bilater il, moist rales 
at the bases. On May 23, 1952, he was noted to be coughing frequently and raising frothy 
sputum, and for the first time was noted to have generalized lymphadenopathy and hepato 
megaly without splenomegaly. The temperature was recorded at 103.4°F.; the leukocyte 
count was 17,750, with 8 per cent eosinophils. 

Up to this point it was believed that the acute aspects of the patient’s illness represented 
an allergic reaction to antituberculous drugs Other possibilities considered as a cause of 
the acute illness were periarteritis nodosum, nontuberculous bacterial pneumonia, in 
fectious mononucleosis, or a lymphoma. However, with increasing pulmonary infiltration 
and severity of the illness, a massive tuberculous pneumonia was feared and streptomycin 
PAS therapy was begun. The patient’s temperature promptly rose to 103.271 He became 
more dyspneic and was delirious for the first time. These medications were then discon 
tinued. Delirium lasted three days; his temperature continued to 101°F. until May 2s 
1952, when it dropped to normal. A chest film on May 27, 1952, showed considerable clearing 
of the process. The patient improved markedly, lost his dyspnea, and began eating His 
lymphadenopathy and hepatomegaly also disappeared 

On June 12, 1952, a test dose of 0.5 gm. of PAS was given Gradually, over a four-hour 
period, the patient’s temperature rose to 101.6°F. and he experienced chills. A roentgeno 
gram revealed no evidence of recurrence of the allergic pneumonitis (hgure If On June 
16, 1952, he was given a test dose of 0.1 mg. of isoniazid without apparent effect. He was 
then given 25 mg. of isoniazid on two different occasions, again without event, On July 5, 
1952, he was given 100 mg. of isoniazid His temperature rose over a SIX hour period to 
104.6°F. and was associated with severe chills, vomiting, and headache. On July 22, 1952, 
he was started on a more gradual ‘‘desensitizing”’ schedule of isoniazid, working up to 
100 mg. daily over a four-month period, After reaching full dosage of isoniazid, dihydro 
streptomycin was added to his regimen without consequence 

The possibility of periarteritis nodosum was investigated with gastrocnemius muscle 


biopsy, which revealed normal striated muscle. Lymph node biopsy was not obtained The 


patient had a right upper lobectomy and apical thoracoplasty on April 2s 1053. The path 
ologic diagnosis of the resected pulmonary tissue was unremarkable except for caseous 


tuberculosis 


Case 2 (G. J 4 23-vear-old Indian logger was admitted to Firland Sanatonum on April 
22 1953, after roentgenograms had revealed moderately advanced pulmonar tuberculosi 
He had had produc tive cough, chills, and fever for approximately ix weeks. His past medi 
cal history was otherwise unremarkable There was no history of allergy 

Physical examination on admission revealed an afebrile male with rales and occasional 
wheezes in the left midlung field; otherwise the findings were normal. Laboratory data in 
cluded an hematocrit of 49 per cent and a leukocyte count of 5,700, with 62 per cent neutro 
phils, 32 per cent lymphocytes, 3 per cent mono¢ ytes, and 3 per cent eosinophils. Urinalysis 
was normal and a serologic test for syphilis was negative. Smears and cultures of sputum 
were positive for M. tuberculosis The roentgenograms showed disease in the upper lung 
fields, bilaterally, but especially in the left midlung field (figure 2A 

On April 27, 1953, chemotherapy was started. consisting of isoniazid, 750 mg. daily; 
PAS, 10 gm. daily; and streptomyein, | gm. twice a week. On May 4, 1953, the patient telt 
nauseated, began coughing, and developed fever to 102.4 F. A chest film on the next day 
revealed extensive mottled infiltration throughout the periphery of both lung fields (figure 
2B), and the sputum eosinophils were 26 per cent. Culture of sputum revealed Streptococcus 
viridans, Staphylococcus aureus, and a few colonies of D. pneumoniae It was thought that 
this represented an allergic pneumonitis and accordingly, isoniazid and PAS were dis 
continued. However, through an error streptomycin was continued, On May 6, 1953, the 


leukocyte count was 11,450, with 5 per cent eosinophils, and the sputum eosinophils were 
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25 per cent. The highest temperature recorded on that day was 99.6°F. and symptoms had 
abated. A chest film revealed partial clearing of the bilateral infiltration. The temperature 
was normal on May 7, 1953, and remained so thereafter. On May 8, 1953, the leukocyte count 
was 6,550, with 10 per cent eosinophils. On the next day, the eosinophils numbered 9 per 
cent and, by May 15, 1953, they had dropped to 4 per cent. A roentgenogram on May 11, 
1953, revealed that the bilateral infiltrate had cleared (figure 2C 

As streptomycin had been given inadvertently throughout this period it was felt that 
this was not the offending allergen and it was continued. ‘“‘Desensitization”’ to isoniazid 
was begun on May 13, 1953, and by June 7, 1953, the patient was receiving doses of 400 mg 
daily without event. He was continued on full doses of isoniazid and streptomycin through 
out the rest of his hospitalization. Test doses of PAS were not given to establish its etiologic 
relationship with the transient pulmonary infiltration. The patient was discharged from the 
hospital on March 9, 1054 


Case 3 (bu \ 30 vear old white nurse was admitted to Firland Sanatorium on October 
uw a transfer from another hospital where the diagnosis of pulmonary tuberculosis 
had been established by the deteetion of acid-fast bacilli in the patient's sputum on micros 
copy. Her past medical history was essentially negative and there was no history of allergy 
Physical examination on admission was not remarkable. Laboratory examination re 
vealed an hematoerit of 43 per cent and a leukocyte count of 9,800, with 73 per cent neutro 
phils, IS per cent lymphocytes, 3 percent monocytes, and 6 per cent eosinophils. Urinal ysis 
revealed 10 to 12 leukocytes with bacteria. Concentrated sputum and gastric washings were 
negative for tubercle bacilli on culture. Roentgenograms of the chest revealed linear densi 
ties within the circle of the first rib on the right (figure 3A 
On November 5, 1952, chemotherapy was begun with streptomycin, 1 gm. twice weekly, 
and sodium PAS daily. On November 14, 1952, when the PAS dosage had been raised to 2.5 
gm. four times a da the patient experienced a shaking chill with malaise and fever of 
14°F. On the next da he again had a similar episode ind PAS was discontinued. After 
a chest film on November 17, 1952, revealed bilateral, dense, flocculent infiltrates (figure 
38), streptomycin was alxo discontinued. On November 20, 1952, the leukocyte count was 
8,550, with 15 per cent eosinophils. She was afebrile and asymptomatic at that time except 
for a fine punctate rash over the lower chest. Antihistaminies were given. A chest film on 
November 21, 1952, revealed almost complete clearing of the extensive bilateral infiltrates 
figure 34 Accordingly, isoniazid and ‘“‘desensitization’’ doses of streptomycin were started 
without event. On Mareh 4, 1953, eosinophilia was again noted with a leukocyte count of 
6,550 and 16 per cent eosinophils. The patient was asymptomatic, a chest film showed no 
pneumonitis, and three stool examinations were negative for ova and parasites. The dif 
ferential leukoeyte count returned to normal and her remaining hospital course was un 
eventful. Test doses of PAS were not given. She was discharged still receiving isoniazid and 


COMMENT 


It cannot be said with certainty that these cases represent reactions to PAS, although 
this drug seems the most likely offender. In Case 1 there was a reaction to a test dose of 
PAS, but similar symptoms occurred during gradually increasing doses of isoniazid. A 
chest film taken shortly after the reaction to the PAS test dose revealed no recurrence of 


the allergic pneumonitis. Unfortunately, a chest film was not obtained after the reaction 
to isoniazid. In Cases 2 and 3, test doses of PAS were not given, since following the first 
case, a death occurred after administering 0.5 gm. of PAS to a patient who had pre 


viously demonstrated evidence of sensitivity.‘ 
The incidence of allergic pneumonitis secondary to antituberculous chemotherapy 
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can only be estimated. The 3 cases reported herein represent those recognized in an 800- 
bed tuberculosis sanatorium in which chemotherapy has had wide usage for at least 
seven years. It is probable that many more cases have occurred but were overlooked 
because of the prompt relief of symptoms following discontinuance of the drugs. 

In table 1, a comparison is made between the 7 cases reported in the literature and the 


3 cases reported in this paper. An allergic history was usually not obtained. Fever was 


present in all cases, as were various degrees of malaise with headache. Cough, which was 


usually mild and nonproductive, was present in the majority of cases, except in Case 3 
where there was severe cough, dyspnea, and expectoration of frothy sputum. Rash was 
present in 5 of the 10 cases, varying from an urticaria with petechiae (6) to a pruritic 
maculopapular dermatitis (Case 1). Eosinophilia was present in all cases, but was minimal] 
in 2 of the 10. The pulmonary lesions disappeared within three to six days after dis- 
continuing drugs, except in 3 instances in which roentgenographic abnormalities persisted 
for two weeks or more. The chest roentgenogram usually was described as showing 
peripherally situated mottled and scattered lesions, except in Case /, in which large 
basilar confluent lesions were more remarkable than the peripheral lesions elsewhere. 
There was no relationship in the location of the lesions to the pre-existing foci of tuber- 
culosis, which is of interest in view of the recent description of a perifocal reaction due 
to PAS (9). Evidence of a more generalized sensitivity reaction with lymphadenopathy 
was present in 5 cases. The symptoms usually disappeared within one to two days after 
discontinuance of drugs. In Case /, in which there were severe generalized symptoms 
with the pulmonary lesions persisting for over two weeks, in retrospect, steroid therapy 
should have been considered (7). However, the possible harmful effects of such therapy 
in a patient unprotected by specific antituberculous drugs would have to be carefully 


balanced by the salutary effects of steroid administration in such cases 


SUMMARY 


Three cases of allergic pneumonitis secondary to antituberculous drugs are reported. 


These are compared with 7 cases previously reported in the literature 


SUMARIO 
Neumonitis Alérgica (de Léffler) Observada Durante la Quimioterapia Antituberculosa 


Preséntanse 3 casos de neumonitis alérgica secundaria a medicacién antituberculosa 


comparindose con 7 casos deseritos antes en la literatura 


RESUME 


Pneumonie allergique (Loefller) survenue au cours de la chimiothérapie antituberculeuse 


Trois cas de pneumonie allergique suceédant A la chimiothérapie antituberculeuse sont 


rapportés. Ces cas sont comparés avec sept autres cas préeédemment publiés 
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Editorial 


Treatment by Inhalation 


The beneficial effects of inhaling certain gases, dusts, and mists have been 
recognized for a long time. With the possible exception of tobacco smoke and 
snuff, most substances prepared for inhalation are presumed to have some thera- 
peutic aim. Thus the smoke of burning stramonium leaves has been inhaled for 
centuries to relieve the bronchospasm of asthma. The volatile vapors of spirits of 
ammonia and amyl nitrite have been used as therapeutic agents for a long time. 
Recently much attention has been devoted to the inhalation therapy of various 
diseases. Various substances have been prepared for inhalation, and many types 
of equipment have been devised for the production of aerosols. A critical apprai- 
sal of recent developments in the field of aerosol therapy is the purpose of this 
editorial 

Aerosols are suspensions of liquids or solids in air, oxygen, or some other gas 
Medically, aerosols are used most commonly for humidification and liquefaction 
of secretions or for the introduction of drugs into the bronchial tree and alveoli. 
The particle size of the aerosol is important. Particles with a diameter of 10 to 
30 microns reach the smaller bronchi when inhaled, while particles with a diame- 
ter of | to 3 microns are deposited in the alveoli, Although tiny particles of 0.5 
micron or less reach the alveoli, most of them are discharged in the expired air. 
Satisfactory nebulizers have been constructed to produce aerosols of the desired 
size. Small glass or plastic nebulizers are most useful for intermittent therapy, 
while large-volume nebulizers are desirable for continuous aerosol administra- 
tion. Recently, nebulizers have been made with metal parts, which can easily be 
disassembled and cleaned 

The simplest aerosol is a suspension of water in air. Use of it meets a well 
recognized need for humidification in the treatment of acute and chronic bronchial 
disorders and is far superior to use of the old-fashioned steam kettle or even 
the steam room of the children’s ward. Use of nebulized water represents the 
greatest single advance in recent years in the management of acute tracheobron- 
chitis in children, and large-volume nebulizers have been of real help in the ad- 
ministration of aerosols of water 

Humidification not only keeps the mucous membranes of the respiratory tract 
moist and pliable, but also aids in the liquefaction of bronchopulmonary secre- 
tions. Various substances have been added to water aerosols to accelerate the 


liquefaction process. One of these is glycerin. It serves as a hygroscopic agent and 


aids in the transport of the water particles to the periphery of the bronchial tree. 
Other substances that are often added to water aerosols to augment liquefaction 
include the wetting agents or detergents, which act by lowering surface tension. 
Although these agents have value, they may cause irritation of mucous mem- 
branes and they may damage oxygen tents and other equipment by their deter- 
gent action. 

Proteolytic enzymes also have been used to further liquefaction of tracheo- 
bronchial secretions. Although these enzymes do reduce the viscosity of secre- 
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tions by their mucolytic property, they are of limited usefulness because of the 
local irritation they produce. At best, detergents and enzymes serve as adjuncts 
to humidification with water aerosols and to the oral or parenteral use of drugs 
that have an expectorant property 

The drugs most commonly selected for aerosolization are those which relieve 
bronchospasm or combat infection in the tracheobronchial tree. Aerosols of 
bronchodilator drugs, such as the derivatives of epinephrine, may be helpful in 
the treatment of asthmatic conditions and the bronchospasm that 1s often asso- 
ciated with pulmonary emphysema. Nebulized solutions of antimicrobial drugs 
have real merit in the treatment of suppurative disease of the bronchial tree but 
their usefulness is limited by the emergence of drug-resistant bacteria and the 
sensitization of the patient to the drugs employed, Moreover, for long-term use, 
such treatments are very time consuming and they often cause the patient to 
search for a simpler solution to his problem. 

The inhalation of micronized dusts has been employed for the treatment of 
pulmonary suppuration and bronchospasm Dusts of penicillin, streptomycin, 
and erythromycin have been used in a limited way but have been largely aban 
doned because of local reaction. Also, the particle size is much greater than with 
liquid aerosols and, in general, dusts are less effective because they are deposited 
in the trachea and larger bronchi. Isopropylarterenol (Norisodrine”) powder is 
still being used rather widely for relief of asthma 

Various kinds of apparatus have been devised to aid the patient who has 
trouble in breathing. Among these are machines that permit the release of com 
pressed oxygen under controlled positive pressure It was hoped that positive 
pressure machines would, among other uses, prove helpful in the management 
of pulmonary emphysema. It was soon learned, however, that intermittent posi 
tive-pressure breathing alone had little beneficial effect on the symptoms or 
course of this disease, but that simultaneous use of a nebulized bronchodilator 
caused both objec tive and subjective improvement in patients W ho had associated 
bronchospasm It was further noted that, if the patient could efficiently inhale a 
bronchodilator aerosol with the aid of compressed oxygen, compressed air or 


even air from a hand bulb, dyspnea could be relieved satisfactorily. Studies of 


pulmonary function made before and after treatment have ce monstrated that 


equal benefits may be obtained whether positive-pressure breathing is employed 
or not. In other words, intermittent positive-pressure breathing is of value in the 
management of pulmonary emphysema only if the method does a better job of 
delivering the bronchodilator to the bronchi 

Aerosols have assumed an important place in the treatment of some broncho 
pulmonary diseases. They will continue to serve as an adjunct to other methods 
of therapy. To be truly practical, however, a¢ rosols must be administered simply 
with a minimum of bulky and expensive equipment. Efficient nebulizers are now 
available both for brief treatments and for continuous therapy. Water is still 
the most important aerosol for humidification. Liquefaction and drainage of 
secretions are most important in the treatment of tracheobronchitis and bron 
chopulmonary suppuration. Aerosols of antimicrobral drugs may have value in 
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the treatment of these conditions, but the limitations of the method should be 
recognized, Considerable discretion should be used in the selection of drugs and 
other substances for inhalation. 

There is no intent here to disparage efforts to supplement the armamentarium 
for treatment of acute and chronic bronchopulmonary diseases. Rather, it is 
hoped that the physician who treats these diseases will view recent develop- 
ments in their proper perspective. Surely no special nebulizer or piece of inhala- 
tion equipment or particular solution for aerosolization will provide the answer 
to the treatment of the various diseases of the respiratory tract. Yet, many of 
the developments do have some application in the treatment of such diseases. 


The physician should critically evaluate the recent developments in inhalation 


therapy without falling prey to the enthusiasm of the proponents or advertisers 


of them. 
Arruun M. OLsen 


tochester, Minnesota 
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Notes 


THE USE OF RESERPINE IN THE TREATMENT OF MENTAL 
PATIENTS WHO ARE TUBERCULOUS 


To many clinicians participating in the research of reserpine’ on mental patients, it 
has become evident that favorable results have been achieved. The routine administra 
tion of crude rauwolfia in India by Indian physicians?’ has seemed very effective in those 
afflicted with mania and has been considered as a cure for mental disease. During recent 
years, the introduction of this drug in the United States has been made possible, and 
several kinds of derivatives have been produced by different com panies Favorable re 
ports have been received from investigators in different areas, including Wilkins® of 
Boston, Klinet of New York, and Noce® of California. The present writers have had the 
opportunity to treat 63 tuberculous mental patients with reserpine, and the results form 
the basis of the present report 

Patients were selected who did not benefit from shock therapy, and who were fairly 
young. Some of them were ready for a visit to their homes or had returned from home 
but were unable to adjust satisfactorily. Among the 63 patients, 20 men and 34 women 
were treated, beginning in November, 1954. The mental symptoms in this group varied 
from mild to severe, and the duration of the disease also varied. All of these patients had 
a history of pulmonary tuberculosis, either active or inactive, at the time treatment was 
started 

Reserpine may be administered either by mouth or parenterally In the present study 
various methods were used. Approximately half of the patients were given 2 mg. of 
reserpine daily by mouth at the time treatment was started, the subsequent dosage ad 
justed according to the severity of the mental symptoms and the response to the treat 
ment. Approximat« ly half of the patients were treats <i by Kline’s method, ie., 5 mg. of 
reserpine given intramuscularly and 3 mg. given by mouth daily. Thereafter, the dosage 
was reduced when therapeutic effect was achieved. All of the patients had preliminary 
blood pressure determinations, and the blood pressure Was taken regularly thereafter 
until it showed stabilization. From that point on the blood pressure was taken once a 
week. Laboratory examinations, such as blood counts and liver function tests, were done 
when indicated 

Approximately half the patients received streptomycin, | gm. three times weekly, 
plus 12 gm. of PAS given by mouth daily, for a period of 60 to 120 days. Some of the 
patients also received streptomycin, | gm. three times weekly, plus isoniazid, with dosage 
ranging from 150 to 250 mg. daily, for a period of 60 to 120 days. No patient ever re 
ceived isoniazid alone 

Usually it takes approximately six months to fulfill the requirements of changing from 


active to apparently arrested tuberculosis 


Ciba Pharmaceutical Products, Ine., Summit, 


Supplied as Serpasil, manufactured by 
New Jersey, through the courtesy of Dre. Round and Griffin 
* Des, A. K.: Indian M. Ree., 1943, 63, 35 
‘Gupta, J. ¢ Indian M. Giaz., 1943, 78, 547 
‘Kune, N.8.: Ann. New York Acad. Se., 1954, 59, 107 
‘'Nocg, R. H.: J. A. M. A., 1955, 168, 11 
*Witkins, R. H.: Ann. New York Acad. Se., 1954, 59, 36 
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158 NOTES 


The results have been « lnasified in four categories 


(1) Markedly improved This group ineludes 1% patients, both men and women, 
who have been able to go home either on week end visits or on convalescent leave, OT 
those whose mental condition has improved so much that they are eligible to go home 


on trial visit 
2) Improved; This group includes those patients who have adjusted much better 
than those in Group | and many who have been allowed out of seclusion who had pre 
viously been violent destructive, and assaultive, and who are now able to adjust to 
regular ward routine Thirty-four patients both men and women, are 1D this category 
3) Slightly proved This group includes patients both men sand women, 
whom there has been some improvement i mental status, but not to the degree 
achieved in Group 
(4) Unimproved There is only one patient im thix eategory. He showed no improve 
ment whatsoever mentally 


Among those treated with reserpine, no ill effects were noted in the patients’ pulme 
nary tuberculosis, whe ther it was active or inactive Two patients developed Parkinson's 
syndrome, but these symptoms disappeared after discontinuing OF reducing the dosage of 
the drug Most of the patients tolerated the drug very well. There were many patients 
who showed marked decrease in blood pressure almost immediately alter initiation of 
therapy, but practically all of the blood pressures returned to normal after 4 few days of 
treatment. Otherwise, no marked toxic symptoms were observed. Since the introduction 
of this therapy, it has been possible to eliminate electric sho k therapy entirely, whereas, 
formerly, approximately 20) patients usually received this treatment. In addition, reserpine 
has now replaced electric shock therapy for those disturbed patients who are also tuber- 
culous Therefore, in the event that shock therapy indicated for disturbed patients 
whose tuberculosis 1s tive, it would be safer to use reserpine 1 these cases than electric 
shock, since there is 4 possibility of spread of disease under shock treatment 

One group of patients who did not benefit by shock therapy was treated with reserpine 
and the results were excellent. Many of these patients have been able to stay home 
permanently, under the care of a private physician for the continuation of treatment 
with reserpine 

It would appear that reserpine has some effect on patients’ hallucinations or delusional 
ideas, although in some cases this condition cannot be completely eliminated by the 
drug. It would also appeat that reserpine has particularly favorable results for patients 
who belong to the hizophrenic group, especially the paranoid type (table 1). 

Those patients who had comparatively mild mental symptoms seemed to respond to 
treatment better than those who suffered from a severe psychosis. However, this was 
not always true In some cases, even though psychotic symptoms were very severe and 
the patient had been ill for a long period of time, after a certain period of treatment he 
improved remarkably 

From the results of this study it seemed that the parenteral method affected the pa 
tients more quickly than the oral method, but usually the patients developed side effects 
such as excitability and tremor (even to & state of turbulence), and showed rapid de- 
crease in blood pressure The oral method acted more slowly and required a longer period 
to become effective and to control the mental symptoms, ranging from a few weeks to 
several months However, the results were just as satisfactory as the results obtained by 
giving reserpine pare nterally. Very few patients developed turbulent symptoms, and the 
blood pressure usually returned to normal after a slight initial drop and seldom required 
any special attention thereafter. After therapeutic effect has been achieved, most of the 
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TABLE 1 
Summary or or TREATMENT or 63 TusercuLous PaTients with 
Number of Marked 


Patients 
Treated 


slightly 
Improvement Improved 


Disease 


Male Female Male Female Ma! Female Male Bodh 
Schizophrenic reaction 
Paranoid type 
Catatonic type 
Hebephrenic type 
Chronic undifferentiated 
type 
Mental deficiency, moderat« 
to severe 
Chronie brain syndrome 
with aleoholic intox 
ication with psychoti 
reaction 
Involutional psychotic re 
action 
Chronic brain syndrome 
associated with econ 
vulsive disorder with 
psychotic reaction 
Psvye honeurotic reaction de 
pressive reaction 
Chronie brain syndrome 
associated with men 
ingo-encephalitis with 
psychotic reaction 
Chronic brain syndrome 
with cerebral arterio 
sclerosis with psy« hoti« 


reaction 


patients receive a maimtenance dosage of 2 mg. daily, and the results have been satis 


factory. Therefore, in an institution in which the nursing staff is inadequate, the oral 


method is convenient, simple, and safe. A greater number of patients can be treated by 


mouth, provided a certain amount of supervision Is given by the physician 


Re port of ('ases 


H. L. was a 30-year-old married white woman who was admitted on January 5, 14° 
She was diagnosed ax having a schizophrenic reaction, paranoid type, with moderate! 
advanced, active pulmonary tuberculosis The patient appeared quite suspicious, delu 
sional. and hallucinated. She laughed in a rather silly, irrelevant fashion, had the idea 
that people were talking about her, had been unable to do her housework, and had been 
uninterested in her surroundings, tense, and restless, The patient had received electric 


shock therapy in other institutions which had resulted in only temporary improvement. On 


or 
t 
— 
Male 
“ l 
0 0 
0 0 
} “ 
Total my 7 12 17 17 5 
* 
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the ward. «he was disturbed frequently and had assaultive tendencies. Over a five-month 


period she received a total of thirty-six shock treatments, with very little improvement 


noted, Reserpine, | mg. orally twice daily, was started on November 19, 1954, and the drug 


was also given by intramuscular injections. The patient's condition began to improve on 


December 16, 1954. She adjusted so well that she was ible to go home for week-end visits 


with her husband and finally she was allowed to leave the hospital on convalescent leave 


4 under the care of her private phy 


with continuation of reserpine, 2 mg. daily by mouth 


sician. A subsequent follow up report indicates that her condition ts satisiactory and that 


she has adjusted very well at home Her tuberculosis is considered arrested, 


48 vear-old Negro voman, Wis vimitted to the hospit November 20 1054 


ind was diagnosed as having an involutional psychotic reaction Her pulmonary tuber 
culosia was considered to be active and moderately advanced and was treated by pneumo 
thorax. Her mental status was described as depressed, confused, and ac tively hallucinated 
She was in restraint because of overactive tendencies. She had a great many psy hosomatic 
complaints and displayed a great «de il of grimacing to denote the pain she had. Reserpine 


mouth daily, was started on February 11, 1955, and the 


5S mg. intramuscularly plus 3 mg. b 
after thera 


dosage Wae gr wduall reduced to a maimntenance dose of 2 mg by mouth daily 
whieved. Her mental symptoms were entirely cleared up. As she had 


effect Was 
illowed to leave the hospital on April % 1955, on convalescent 


leave. Her treatment has been discontinued and a subsequent report indicates that she 


has adjusted very well at home. Her pulmonary tuberculosis ts considered to be arrested 


W. MeK.. 35 vears of age, a married white man, was admitted to this hospital on Febru 
ary 9. 1055, and was diagno ed as having i chronic brain syndrome assoc iated with aleoholie 
intoxication, with peye hotie reaction. He had a long history of pulmon ary tuberculosis and 


of drinking for a long period of time His tendencies were violent, dangerous, homi idal, 


ancl poor snoid, He had shot a eat when he found her sitting on at ible and had threatened 


to choke his wife. He drank continuously. The patient was so violent that he took the bed 


ypart on the ward and would attack anyone who came near him. Reserpine, 5 mg 
hw mouth daily. was started February 12, 1955. The dosage was 


intra 


museularly and 3 mg 


gradually reduced on the following day because of marked improvement of mental symp 
toms. The patient was considered to be almost completely recove red within four days after 
treatment was started; he was discharged March 17, 1955, and treatment was discontinued 
lhere was no change in his old pulmonary tuberculosis and it ts considered to have been 


previousl) arrested 


M. Z.. aged 30, a married white woman, was admitted to this hospital on April 6, 1955 


with the diagnosis of psvehoneurotic reaction of the de pressed type. Her pulmonary tuber 
considered to be f uivanced and active. Her mental symptoms were de 


culosts “wae 
She was un 


persec ition depression contusion ind suspicion 


seribed as delusions of 
ind frequently talked about suicidal attempts Shock 


cooperative sabout ward routine 
but fear of spread of her pulmonary tuberculosis contraindicated 


therapy was indicated 
was started July 27, 1955. The patient's 


this type of treatment, Reserpine, 2 mg. by mouth 


condition began to show improvement and her delusional ideas, depression, and suicidal 


ideas completely cleared up. The patient was subsequently transferred to another sana 


torium for surgical treatment of het tuberculosis. 


8. B., aged 43, a divorced white woman, was admitted to this hospital on January 


1953. and was diagnosed as having dementia precox hebephrenic type and pulmonary 


Her mental symptoms were described as very delusional 


tuberculosis, probably inactive 
She would strike anyone who 


and actively hallucinated Her tendencies were dangerous 


came near her and needed close supervision and seclusion prac tically all of the time; she 
caused g areat deal of disturbance. She had several courses of shock therapy but failed 
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whatsoever. Reserpine, 2 mg. by mouth daily, was started on 


to show any improvement 
mental #4 


August 16, 1955. This was gradually increased to 6 mg. daily and her 
began to improve. She is now allowed to be out of seclusion and enjoys all privileges 
vard entertainment, without causing any difficulty. Her conversa 


She has now adjusted so well that her mental 


sti h 


as movies, dining, and 
tion has become relevant and coherent 
mn contrast to the manifestations present on admission to the hospital 


picture is entirel) 
before and has shown no signs of 


Her pulmonary tuberculosis has remained the same as 


activity. 
In summary: \ total of 63 mental patients, who also had active or inactive pulmonary 


were treated with reserpine by parenteral or oral method for a period of 


tuberculosis, 
two and one-half to ten months. The results have indicated that res rpine has caused no 


ill effeets on the patients’ pulmonary tuberculosis, either active or inactive. It is believed 


safe to continue this treatment for a long period of time Therefore, the patient can con 


tinue to receive treatment while on convalescent leave under the care of a private physi 
cian. In numerous cases the writers have been able to replace shock therapy with reserpine 


in those patients who failed to respond to shock therapy, and the patients adjusted so 


ible to leave the hospital on convalescent leave 


well that they wer 
most of the patients who were treated 


Because of improvement of mental status, 


with reserpine are eating ind’ resting better and showed considerable gain in weight 


Therefore, it is pertinent to state that rese rpine might aid incireetly in the treatment of 


pulmonary tuberculosis 


CRANDELI 


New Jersey Stare Hosprrat 
Joun Ma 


GREYSTONE Park, New Jersey 


December s. 1055 


Helen Mamantov and Anton Jurkan 


\press their thanks to Drs 
ind who have given close and 


The writers wish to ¢ 
who have personally administered the drug to the patients 


careful supervision to those under treatment 
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ASSAY OF TUBERCULOUS CONTAMINATION ON EATING UTENSILS 
OF PATIENTS WITH TUBERCLE BACILLI IN THE SPUTUM 


The practice of careful isolation techniques should be the goal of all workers who are 
concerned with the treatment and care of tuberculous patients. Much greater caution 
would be exercised by workers if it were possible to state, with certainty, the exact amount 


of contamination existing in each work area. This is especially true of those persons 
concerned with the handling of contaminated eating utensils. The purpose of this inves 
tigation was to determine how much contamination existed on those utensils used by 


tuberculous patients 
In previous attempts to recover tubercle bacilli from eating utensils, for the most part 


animals have been employed as a recovery medium. However, with the improved isolation 


and cultivation made possible with the newer media, cultural recovery is nearly as sensi- 


tive as animal recovery 
Numerous workers have studied saliva-contaminated eating utensils and saliva itself, 


with recovery of tubercle bacilli. Brown and co-workers' cultured swabs of spoons and 


forks of tuberculous patients whose sputum contained tubercle bacilli on animal inocu 


culation. The fact that saliva is a potential source of tubercle bacilli has been proved 


recently by Abbott and associates.” 
In the course of the washing process, Cummings® and Floyd and Frothingham* have 


shown by animal inoculation that the wash and rinse waters become highly contaminated 


and constitute a hazard, not only to the operator, but to the public as well. Boiling con 


taminated utensils has been found to be the safest and most convenient method of sterili 


zation.** Cummings and Yongue’ have recognized the efficiency of chlorine as a sterilizing 


agent for most infectious organisms of the saliva-borne group; however, the question is 


still open whether, under practical working conditions, it destroys the tubercle bacillus 


Only the utensils from patients with positive cultures for tubercle bacilli were used in 


this study Although some previous writers ** used spoons for their work, only the con 


taminated fork was investigated in the present study because this utensil was the one that 


each patient used during his meal. It is possible that spoons may be used only for stirring 


and, therefore, will have no actual saliva contact 

The contaminated forks were collected individually on the wards after the patients had 
eaten the noon meal. The forks were placed in a large 1b inch by 5 inch centrifuge tube 
containing 30 ml. of a one-fifth saturated aqueous solution of trisodium phosphate.’ The 


utensils were agitated and washed until all the food material was removed. All of the tubes 


ee were stoppered with slip-on stoppers immediately after the specimens were collected, The 

ie specimens were then delivered to the laboratory and concentrated by centrifugation for 

ie twenty minutes at 3,000 r.p.m. The supernatant was discarded and the sediment neutralized 
: ase with N/10 HCl employing phenol-red indicator. One hundred units of penicillin per ml 


' Brown, L., et al.: Am. Rev. Tubere., 1919, 3, 621 
* Annorr, J. N., ef al.: J. Am. Dent. A., 1955, 60, 49 
*Cummines, J.G.: J. A. M. A., 1920, 74, 1072 
‘Fiorp, C., Frorminauam, L.: Am. Rev. Tubere., 1922, 6, 51 
Am. J. Pub. Health, 1933, 23, 606 
*Canusie, C. L., ano Hantinger, A. O.: Med. Bull. VA, 1939, 15, 294 
Cumminas, J. G., ano Yonour, N. E.: Am. J. Pub. Health, 1936, 24, 237 
* L. H Am. Rev. Tubere., 1921, 4, 351 
Cooper, H. anp Srover, R. E.: Clin. Med 
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were added at this stage to control contamination. After fifteen minutes’ incubation at room 
temperature, the sediment was planted onto three tubes of Lowenstein medium (Jensen 
modification). The cultures were incubated at 37°C. for eight weeks. All cultures were read 


once a week in order to observe the first growth 


\ total of 304 specimens was collected and treated in the manner described above. Of 


these specimens, 41 or 13.1 per cent yielded cultures which displayed the colonial and 


morphologic characteristics typical of tubercle bacilli, Contamination of the medium by 
fungi and bacteria was not a problem. A total of 4 tubes, or 0.43 per cent of the 912 eul 
ture tubes used, was lost because of contamination The results demonstrate clearly that 
care should be taken in handling the contaminated utensils of tuberculous patients This 
is especially true in transferring the utensils from the patient to the wash room 


The cultural results indicate that there is sufficient inocula on the utensils examined 
to make them dangerous to the kitchen personnel. This condition is hazardous because 
the kitchen personne | do not fully appreciate or understand the danger of the situation 
In order to preclude any possibility of aerosol production or direct inoculation of person 
nel, a thorough pretreatment should be devised for the contaminated utensils. Boiling 
would appear to be the most adaptable method of sterilization available to kitchen per 
sonnel. A five-minute period of boiling in soapy water before being washed would sutfhiec 
to rid the utensils of all tubercle bacilli. In addition, the utensils should be removed from 
the patient’s tray by a person wearing rubber gloves. This method of pretreatment of 
contaminated utensils would exclude further contamination in the washing process from 
this utensil source 

In summary: Forty-one or 13.1 per cent of the contaminated forks of patients with 
tubercle bacilli in the sputum yielded tubercle bacilli on culture. This degree of contami 
nation represents a significant public health danger that could be controlled by boiling the 


utensils under appropriate conditions 


VeTERANS ADMINISTRATION HosprraL Lewis J. Grirvvive 
Batavia, New SaLtvaTore A. Denaro 


February 7, 1956 
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C-REACTIVE PROTEIN IN PULMONARY TUBERCULOSIS 


C-reactive protein is an abnormal substance not found in the serum of healthy subjects 
Initially described more than two decades ago, C-reactive protein has been identified as 
protein in nature and most probably belonging to the alpha 2 globulin fraction. First 
noted in patients suffering from pneumococcal pneumonia, C-reactive protein was so 
named because it formed a precipitate with the C somatic polysaccharide of the pneumo- 
coceus, Later work has indicated that C-reactive protein is found in a variety of infectious 
and noninfectious diseases and is nonspecific in appearance. The main value of C-reactive 
protein determinations currently is with respect to the evaluation of rheumatic activity. 

Recent studies indicate C-reactive protein may be found in a variety of conditions, 
including tuberculosis. However, to the knowledge of the writers, no study has vet ap 
peared which deals exclusively with C-reactive protein in tuberculosis or which includes 


many cases of tuberculosis. For this reason the present study was undertaken 


Laboratory determination a) The ervthroevte sedimentation rate wa performed uw 
cording to the Wintrobe method, all values used in the study being the corrected values 
The ervthroevte sedimentation rate, which had been determined simultaneously with the 
C-reactive protein, was the only value used. (4) C-reactive protein was determined by the 


standard method with the use of commercially available C reactive protein antiserum 


Since the object of the study was to determine the value of C-reactive protein deter 
mination with respect to pulmonary tuberculosis only, all eases were excluded in which 


at least one other condition was present which is usually or frequently associated with 


the presence of C-reactive protein. These included primarily bacterial infections of the 


respiratory and genitourinary tract. A few cases of asso iated hepatic disease were omitted 

Karly in the study it became apparent that C-reactive protein, if present in untreated 
active cases, usually disappeared after a few months of hospitalization and chemotherapy 
Thus, determinations of C-reactive protein in patients who had been under treatment 
for several months were usually negative and could not be considered reliably indicative 
of activity. These were eliminated whether or not C-reactive protein was demonstrated, 
since one of the purposes of the study was to evaluate C-reactive protein with respect 
to its diagnostic value. Moreover, it was noted that those patients with significant amounts 
of C-reactive protein who had been under treatment prior to the determination could 
generally be classed as having responded unsatisfactorily or slowly to the therapy offered 
Accordingly, a group was selected whose members were untreated and active at the time 
of C-reactive protein determination. These comprise the active group 

After the institution of therapy, serial determinations of C-reactive protein were made 
on as many members of this group as possible. Thus, the study, which initially involved 
more than 300 determinations of C-reactive protein in 160 patients, was limited to the 
following groups: 75 untreated cases of active pulmonary tuberculosis (table 1); 41> pa 
tients with inactive pulmonary tuberculosis (table 2); 7 with arrested pulmonary tubercu 
losis (table 3) admitted merely for periodic evaluation; and 36 previously untreated ac 
tive patients in whom C-reactive protein was determined serially during the course of 
hospitalization and chemotherapy (table 4) 

Only those determinations of the erythrocyte sedimentation rate which were made 
simultaneously with the determinations of C-reactive protein were used. Thus, all pa 


tients do not have a listed ervthrocyte sedimentation rate 
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Putmonary 


Minimal 
Moderately advanced 
Far inced 


Total 


vte sedimentation rate 


In patients sith C-reactive protein the 


vated in each case 


tin 3 patients without C-reactive protein the erythro ecimentation 


elevated in each case 


TABLI 


LMONARY 


Minimal 
Moderatel sdvanced 


I ir ady anced 


Total 
* In 33 patient vithout C-reactive protein the erythrocyte sedimentation rate 
elevated in 42 per cent (16 patients 


? In 5 patient vith C-reactive protein the ervthroevte sedimentation rate 


in 20 per cent (one patient 


TABLE 3 


Acnive Putmonary Te 


Minimal 
Moder atel) advanced 


Far advanced 


Total 


* Erythrocyte sedimentation rate, obt ined in 2 wtive protein 


was elevated in 7, normal in 3 
t Ervthroevte sedimentation rate, determined in 61 of the 64 C reactive protein pr 


cases, was elevated in 55, normal in 6 
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TABLE 4 
or C-Reacttve Proves ano Sepimentation Rate 
ro TREATMENT 


After 34 


Initial Initial Initial 3 Months 
Erythrocyte Erythrocyte Therapy 
C- Reactive Therapy 
Ertent Number Proteis Sedimen Sedimer CR 4 Ad Erythrocyte 
tation Rate tation Rate > Sedimen 
ositive Ele: Protein 
levater \orma Positive tation Rate 
« Elevated 
Minimal 7 7 H 3 0 5 
Far advanced Is 1s Is 16 


* Each of these 4 patients exhibited no roentgenographie improvement and persistence 
of sputum positive for tuberele bacilli at the three- to four-month check points. Of the 
other 32 patients (in whom C-reactive protein disappeared) all but 2 exhibited definite 


roentgenographic improvement and 15 showed sputum conversion to negativity 


C-reactive protein was usually found in active pulmonary tuberculosis prior to the 
institution of therapy. The probability of its presence increased with the extent of the 
disease process so that only rarely was it absent in a newly discovered case of far ad- 
vanced active tuberculosis. Its absence was uncommon in moderately advanced cases 
C-reactive protein was as likely to be absent in minimal cases as it was to be present. 
While the number of cases are too few to permit generalization, it was the impression of 
the writers that those active cases in which C-reactive protein was absent were all of the 
indolent type of disease, usually characterized by long-standing roentgenographic lesions 
which exhibited little or no change with reactivation 

Evaluation of the arrested cases of tuberculosis is not justified because of the small 
size of the group. The inactive cases, in general, did not show the presence of C-reactive 
protein. However, there was no correlation in this group between the extent of residual 
disease and the presence or absence of C-reactive protein. There was no obvious reason 
for the C-reactive protein demonstrated in 15 per cent of these patients other than the 
tuberculosis. Whether this indicates a smoldering tuberculous activity not demonstrable 
by other means is not determinable at this time 

Serial determinations of C-reactive protein revealed its prompt disappearance within 
three to four months after the initiation of antituberculous therapy in most cases. Those 
patients in whom C-reactive protein persisted showed little or no roentgenographic 
improvement and remained in the infectious state during the period of observation. 
These findings are in keeping with the findings in the long-treated patients noted during 
the initial survey but omitted from the actual study. They were all patients in whom 
roentgenographic and clinical progress were not as marked or as rapid as in the average 
patient with similar disease. Most of these latter patients had tuberculosis for which 
indefinite chemotherapy with or without surgery was indicated. Thus, the rapid disap- 
pearance of C-reactive protein with therapy would appear to suggest a better prognosis 
than when the C-reactive protein persisted. 

The erythrocyte sedimentation rate was usually elevated in those cases in which 
C-reactive protein was demonstrated. Its correlation with active disease approximated 
that of C-reactive protein in the untreated group. With treatment the erythrocyte 
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sedimentation rate remained elevated after C-reactive protein had disappeared and so 
constituted a better index of activity in patients who were undergoing treatment. The 
erythrocyte sedimentation rate was of least diagnostic help in the groups with inactive 
or arrested tuberculosis. C-reactive protein determinations had a considerably higher 
index of accuracy in these latter patients 

In summary: Determinations of C-reactive protein and the erythrocyte sedimentation 
rate were made simultaneously, both before and during treatment, in various groups 
of patients with active and previously untreated pulmonary tuberculosis as well as in a 


group of inactive cases. The C-reactive protein and the erythrocyte sedimentation rate 


were generally correlated in the presence of active tuberculous disease although the 
C-reactive protein was of more diagnostic help in inactive cases. Finally, C-reactive 
protein was noted to disappear promptly with treatment and invariably prior to the 
return of the erythrocyte sedimentation rate to normal. Serial C-reactive protein deter 
minations during therapy might be of some prognostic value since this substance disap 
pears within one to three months in patients evidencing satisfactory response to treat- 
ment 


MEDICAL SERVIC! Joun J. Watsn 
U.S. Pustic Heavra Service Hosprrau Ricuarp H. Linn 
New Orveans, LOvIsiaNa Vincent J. Derpes 
Mitter Turner 
February 28, 1956 SipNey Jacons 


kas 


A PILOT STUDY OF THE THIOCARBANILIDE SU-1906 
IN HUMAN PULMONARY TUBERCULOSIS! 


\ he ith sl mone of series whit h has shown to POSSESS 
diethviaminolthoxy )4- isobutoxythio 


antituberculous properties. This derivative is 4 
toxicity of this thiocarbanilide 


ecarbanilide monohyvdrochloride It was found that the 
rather low with a maximal tolerated dose of 1.25 gm per kg 


derivative for the mouse was 
by 


and a minimal toxic dose of 2.5 gm. per kg. When the drug was tested experi ntally 


in miro and in mire (ries methods. the results indicated that SU-1906 possessed strong 


antituberculous activity, the approximate dosage in mic being 50 mg. per kg. ol bawdy 


weight per da 
Therapeutic studies in dogs receiving 250 to 500 mg. per kg. of body weight of SI 
fact that toxicity was reached 


1906 


he monstrated i lack ol mntituberculous activity clue te the 


before activity could be hown. This toxicity could possibl <plained on the basis of 


insolubilitv of the drug and madequate nourishment as a 


mechani il bloek ie clue to the 
ittained in the 


result of such | rh, clown Determimation of the concentrations of drug 


blaxl were not made for ck of a suitable method The compound is extreme! insoluble 


in water, very soluble in acetone, and onl slightly soluble in aed medi 


In view of the promising results in mice, it seemed vorth while to study the drug 


further un laborator experiments in olving in vilro technique sand in humans This is a 


report of su ha study on the action of S1°.1906 when administered to patients with pul 
monary tuberculosis 
Twelve patients in al have been treated. Ten patients had far advanced pulmonary 


tuberculosis at the start of therap one patient had moderately advanced cliserse ind 


| disease. Light patients had received some torm of combined 


patient ha minis 
ind 4 patients hac 


antimicrobial therapy prior to institution of thie irbanilide therap 
never received previous drug therapy. A total of 5 patients received four to six months of 
continuous treatment Ww th sl ‘Lie } patients had one to three months of ther ip and 


3 patients had leaws than four weeks of the rapy The substance was admuniste red orally im 


tablet form to all patient n the initial dosage of 6 gm daily, divided into three equal 


doses after meals; within a month the dosage was imnere wel to a total of 9 gm daily 


During thiocarbanilide therapy no othe intituberculous drugs were given 


All patients were maintained on a program of modified bed rest with bathroom privi 


leges prior to ind during therapy with the experimental drug 


To evaluat vhether or not SI selanyv antith roid activity, 4 patients were 
subjected to radioactive iodine uptake «tucdies before onset of therapy ind again after 


eight weeks of drug therap Keach of the 4 patients received a dose of 1.6 muillicuries of 


radioactive rocine and iodine blood concentrations were determined at six, twent) 


six, and thirty-one hours 


In all patients, cultures of sputum or gastric contents were positive for tuberele baeilh 
to the start of therap Primary sputum or gastri cultures were planted on three 
Trudeau Society, Steenken- Smith, and Lowenstein Indirect 
and SU-19006 on ill 


prior 
types of medium: Amenean 


in vitro drug susceptibilit tests were pe rformed for streptomycin 
positive cultures at intervals of every two weeks 
of SU 1006 for drug stisce ptibalits tests, 10 meg. of the drug 


In preparing the solutions 
filtration through an 


were dissolved in 10 ml. of 0 1 N hydrochloric acid and stenlized by 


i This investigation was supported in part by a research grant from Ciba Pharmaceutical 


Products, Ine., Summit, New Jersey 
PSaunpers, J Personal communication 
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TABLE 1 
Resutts or SU-1906 DETERMINATION ON OLetc-ALBUMIN AND 
Tween-ALBUMIN Mepra 


(Neie-Albun Medium 


itment 


Pretreatment 
12 

l4 
Pretreatment 
It 

Pret 

2 week 


dlome slone 


*Two week t mont indicate riod of time specimen was obtained following 


Initiation of thera 


ultra-fine sintered lter. Further dilutions were made with stenle distilled water 
Not more than | mil. ot i coneentration of the drug solution was added to each 100 mi 
lot of the medium to gis desired concentrations of the drug in the medium. The oleic 
vcid-albumin agar medium was cooled to 40° to °C. before the drug was added. Both the 
liquid Twee n*-albumin and the solid oleic albumin media wmintamed in 5 mil 
amounts in 20 mn crew upped eulture tube 
The primary ‘ vere made on solid egg media ane ltured into Dube 

Davis liquid Tweet imin medium. After seven da ( i Tween albumin 


i} 


medium, another ib re was made into a second tube of liquid 4 lbumin mediim 


After seven da of growth in the latter tube, O.1 ml. of thi econd subculture, contaming 


approximately 10° to 10° viable units pet mil.. was inoculated into each of the series of tubs 


in the susceptibility test Readings were taken at seven day interval ind the tinal reading 


was taken twenty one d ifter inoculation. Incubation was at 37°C 


In the 12 patients studied, no degree of clinical improvement wa demonstrated that 
might not have occurred, in the writers’ opinion, on bed rest alone No patient demon 
strated clinical worsening while receiving the thiocarbanilic 


Three patients yer emoved from the stud because © lopment of an exten 


10 
Patient SU-1900 1006 
I 
Initia per per 
1. rer 1+ | 4+ | 34 1+ + | 44+ | 3+ 14 
weeks 1+ 1+ 1+ i+ i+ 14 
7 mont! i+ | 44+ | 44 1+ i+ | 4+ | 44+ 44 
JM 
5. 
6 weel 14 i+ i+ 14 i4 14 i+ 
month 1+ 14 i+ i+ 1+ 
6. W.A Pretreatment i 2+ 0 i+ 60 0 7 
Vu Pretreatment 1+ colo 14 14 14 
nie 
wee 14 14 14 14 14 14 
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sive maculopapular rash, which disappeared within seventy-two hours after the drug 
was discontinued and rapidly reappeared after the drug was restarted. There were no 
other toxic manifestations of SU-1906 therapy encountered during the entire study 
Favorable roentgenographic response was slight in 3 patients and absent in the remain- 
ing 9 patients; there was, however, no evidence of roentgenographic worsening during 
the study. It was believed by the observers that the slight degree of response observed 
was no more than that which could be obtained from the bed rest therapy with which all 


patients were treated 

All patients had tubercle bacilli in the sputum at the beginning of SU-1906 therapy 
and in no case did the bacilli disappear from the sputum during or immediately after the 
SU-1906 treatment period 

Results of the radioactive iodine studies prior to therapy revealed normal values in 4 
patients. After eight weeks of drug therapy, the uptake studies remained within normal 


limits 
Susceptibility tests were performed in Dubos-Davis Tween-albumin media utilizing 


SU-1906 in final concentrations of 0.2, 5.0, and 10.0 y per ml. Bacterial resistance appeared 
after four to five weeks (average, 6.4 weeks) of therapy with SU-1906 in the strains of 
tubercle bacilli derived from 4 patients. This phenomenon was considered to exist when 


the growth in the 5 to 10 7 per ml. tube was equal to or greater than the growth in the 


control tube (table 1) 

In 4 other patients, there was some fluctuation in the degree of resistance demon 
strable in subsequent tests, but the trend was such that in each instance some partial 
resistance to SU-1906 existed, Data on the remaining 4 patients are lacking due to insuf 


ficient duration of drug therapy 
In summary: The results of data on treatment appear to indicate that the thiocar- 


banilide derivative 8U-1906, when administered alone to patients with advanced tubercu 
losis, produced no greater degree of improvement than would be expected from bed rest 
alone. Reversal of infectiousness failed to occur in all of the patients treated with SU-1906 
From the drug-susceptibility data, it is believed that tubercle bacilli isolated from 8 
patients during the course of therapy with SU-1906 demonstrated varying degrees of 
resistance to SU-1906 according to the methods used. Three patients were removed from 
the study within four weeks due to drug toxicity manifested by an extensive maculopapu 
lar skin rash, Radioactive iodine uptake studies before and after eight weeks of SU-1906 
therapy in 4 patients revealed no demonstrable effect of the drug on this aspect of thyroid 


function 


Peron O. Jones® 


DeraRTMENT OF MepIcINE 
Barton Universiry or Mepicine DanieL E. Jenkins 
S. C. Yin 


Houston, Texas 


Houston Tunerevtosis Hosprran 
Houston, Texas 


March 20, 1956 


* The writers are indebted to Dr. R. K. Loeffler, Department of Radiology, Baylor Uni- 
versity College of Medicine, for performing the radioactive iodine uptake studies, and to 
Dr. John Saunders for his assistance with many of the technical aspects of the study 
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CONCURRENT ADMINISTRATION OF PYRIDOXINE 
AND ISONIAZID' 


It has been convincingly demonstrated in man that the administration of pyndoxine 
is effective in preventing the peripheral neuritis which occurs as a toxic reaction to 
isoniazid.® * If the two drugs are to be given concurrently, it is important to know whether 
pyridoxine is capable of antagonizing the antituberculous activity of isoniazid. This 
question may In the future assume even greater importance in view of the possibility 
that larger doses of isoniazid will be used than have been widely used heretofore.‘ 

It has been reported that pyridoxine and its derivatives fail to alter the antituberculous 
activity of isoniazid in vitro.”:? In other studies it has also been reported that pyridoxal 
and pyridoxamine may inhibit isoniazid activity on tubercle bac ili. * Two studies of 
the concurrent administration of pyridoxine and isoniazid to tuberculous mice have been 
reported.” ° In both, no inhibition of antituberculous activity of isoniazid occurred, as 
judged by changes seen on gross and microscopic examination of the lungs three and five 
weeks after infection 

In the present study, the effect of concurrent administration of py ridoxine and isoniazid 
to tuberculous mice has been examined by the microbial enumeration technique. The 
results add confirmation to those studies already reported. Because of the importance of 
the problem, however, and because the technique used in this study differed from previous 
studies, it seemed worth while to present this additional report 

Male albino mice (18-20 gm.) were inoculated intravenously with 0.2 ml. of a 10 
dilution of a seven-day culture of M. tuberculosis H37Rv. The control group received no 


treatment. A second group received isoniazid, 0.0125 per cent, in the diet, and a third 
group received pyridoxine, 0.001 per cent, in the diet, as well as isoniazid, 0.0125 per 
cent. The dosage of pyridoxine was chosen as one adequate to prevent the weight loss 
which oecurs in mice fed a pyridoxine-deficient diet. The dosage of isoniazid represents 
18 to 24 mg. per kg. per mouse. At intervals mice from each group were sacrificed, and 
the lungs and spleen were re moved. After homogenization of the organs, counts of the 
number of viable units of tubercle bacilli were made according to the tee hniques described 


in detail elsewhere.' 


i This study was supported, in part, by the Committee on Medical Research of the 
American Trudeau Society, medical section of the National Tuberculosis Association the 
Division of Research Grants and Fellowships, National Institutes of Health, Public Health 
Service; and, in part, by grants from the Lederle Laboratories Division, American ¢ 
anamid Co., Pearl River, New York; and Charles Pfizer & Co Ine., Brooklyn, New York 
Dr. Wasz-Héckert received support from the Sigrid Juselius Foundation and the University 
of Helsinki, Finland 
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kia. fleet of concurrent administration of pyridoxine and isoniazid on microbial 


populations of tubercle bacilli in mouse lung Pyridoxine did not alter the effect of isoniazid. 
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Fie. 2. Effeet of concurrent administration of pyridoxine and isoniazid on microbial 


populations of tubercle bacilli in mouse spleen. Pyridoxine did not alter the effect of 


isoniazid 


The results of this experiment are presented graphically in figures 1 and 2. In both the 
lung and spleen the population of tubercle bacilli in the control animals followed a char- 
acteristic pattern. The action of isoniazid was also apparent in both organs, causing the 
typical rapid reduction in the number of viable bacilli. The population of bacilli in the 
lung and spleen of animals given both pyridoxine and isoniazid did not differ from that in 


animals receiving only isoniazid. These data show that at these dosages of pyridoxine 
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and isoniazid it was not possible to show antagonism of the isoniazid in mice experi 


mentally infected with tulx rele bacilli The results do not exclude the possibility that 


pyridoxine can antagonize minimally effective doses of isoniazid 


Tue New York Ore Wasz-Hocker! 
MepicaL CENTER Roperr M. McCune, Jr 
New York, New York Raven Tompseri 


May 15, 1956 
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A STUDY OF TUBERCULIN HYPERSENSITIVITY IN 510 PATIENTS 
HOSPITALIZED FOR THE TREATMENT OF ACTIVE 
PULMONARY TUBERCULOSIS 


This survey is specifically directed to the academic interest of chest physicians, and 
the conclusions drawn should not be used for diagnostic purposes. The degree of tubercu- 
lin skin hypersensitivity varies in patients with active tuberculosis, and the absence of 
hypersensitivity should not be accepted until repeated skin tests with increasing strengths 
of test doses are made. The study was stimulated by the following question. Several 
chest physicians were informally asked their opinion regarding the incidence of negative 
first-strength tuberculin skin tests in active adult reinfection pulmonary tuberculosis 
The answers included such statements as, “less than one per cent” and “certainly very 


small.” 
Five hundred and ten adult patients being treated at Fitzsimons Army Hospital for 
active pulmonary tuberculosis were reviewed. Tuberculin skin hypersensitivity in these 


510 patients was determined by use of the purified protein derivative (PPD). The test 
was performed by the intradermal injection of 0.1 ml. of the test dose on the forearm, with 
the production of a small wheal, All tests were performed by physicians, and were read by 
physicians, twenty-four, forty-eight, and seventy-two hours later. The first-strength test 


contained 0.00002 mg. of the purified protein derivative; the intermediate-strength dose 
contained 0.0002 mg. of PPD: and the second-strength dose contained 0.005 mg. of PPD 

Kach of the 510 patients studied had a positive skin reaction with second-strength 
PPD. Upon admission to the hospital, 64 (12.5 per cent) of these 510 patients with clini 
cally active pulmonary tuberculosis had negative first-strength PPD skin tests. Of these 


64 cases, 39 (7.6 per cent of the 510 cases) were diagnostically proved by the isolation of 
V ycobacterium tuberculosis on culture of sputum or gastric secretions. The remaining 25 


(4.9 per cent of the 510 cases) were believed to represent clinically active disease, but 


Mycobacterium tuberculosis could not be isolated from the body secretions 

Tuberculin skin tests were repeated in only 25 of the 39 bacteriologically proved cases 
of pulmonary tuberculosis. The first-strength PPD test was repeated after six months or 
more ot therapy in all cases except 2, in which only a two- and three-month interval, 
respectively, existed Twelve of these 25 patients continued to demonstrate negative first- 
strength PPD tests on r“peat testing. Only 10 of these remaining 12 patients were avail 
able for repeat skin testing with the intermediate-strength PPD, and all exhibited pos: ‘ve 


reactions to the intermediate dose of tuberculin 

In summary: The first-strength tuberculin skin tests (0.00002 mg. of PPD) were nega 
tive in 12.5 per cent of 510 cases of apparently active pulmonary tuberculosis 

The intermediate-strength tuberculin skin tests (0.0002 mg. of PPD) were positive in 
all proved cases of active pulmonary tuberculosis available for testing in which the first 


strength skin tests persisted in being negative 


Disease Servict Sreruen J. Berre 


PULMONARY 
Firzsimons Army Hosprran 
Denver 8, CoLoRapo 


May 16, 1956 
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CHEMOPROPHYLAXIS OF EXPERIMENTAL TUBERCULOSIS WITH ISONIAZID 
To the Editor of the American Review of Tuberculosis and Pulmonary Diseases: 


In volume 73, page 1, of this journal, 8. H. Ferebee and C. E. Palmer report on ex- 
periments on the prophylaxis of experimental tuberculosis with isoniazid. The authors 
derive the conclusion that the infection was successfully prevented by 25 or 5 mg. per kg 
of isoniazid daily from the facts that the percentage of survival fourteen weeks after dis- 
continuation of treatment was the same in the infected, treated group as in the uninfected 
control group and that the increase in body weight was the same for both groups. Only a 
few animals were sacrificed, mainly in the first weeks after the end of treatment, as can be 
seen from table 2 

These observations are not conclusive because it may be possible that the infection of 
the treated animals runs a very chronic course due, e.g., to immunity acquired under the 
period of treatment, as supposed by the authors themselves, and/or attenuation of viru 
lence of the bacilli 

Our objection is not purely theoretical. In 1954-1955, we performed an experiment 
similar to that of the authors. Seventy-five guinea pigs were divided into five groups, 15 
animals in each group. Group A received 10 mg. per kg. of isoniazid six times weekly; 
Group B, the same dose twice weekly; Group C, 10 mg. per kg. of isoniazid plus 20 mg. per 
kg. of dihydrostreptomycin plus 0.2 gm. per kg. of PAS; Group D, the same triple combi 
nation twice weekly; Group E remained as control. The drugs were given subcutaneously. 
The therapy started two hours ahead of the infection and was continued for thirteen weeks 
The animals were inoculated intraperitoneally with about 9 « 10° viable units of the 
highly virulent strain Washington I obtained in 1951 from W. Steenken, Jr. At the end 
of therapy only one of the control animals was alive, whereas none of the treated guinea 
pigs had died except one which was killed because of a traumatic fracture of the spine 
Thirteen weeks after the end of treatment, 100 per cent of all of the treated animals had 
survived. The increase in weight was practically the same for all treated groups during 
and after therapy. 

The values correspond closely to those of the successfully treated groups of Ferebee 
and Palmer. The animals of these authors gained 175 gm. in weight within ten weeks of 
treatment; our animals gained 200 gm. in the same period and 250 gm. during the full 
run of treatment (thirteen weeks). In the fourteen weeks after treatment, the guinea pigs 
of Ferebee and Palmer had gained 150 gm. of weight, just the same as had our animals in 
thirteen weeks after treatment. Nevertheless, our pigs, all autopsied by this time, showed 
a more or less pronounced tuberculosis of the chronic type; about 15 per cent had only 
localized lesions. Thus, the survival percentage and the body weight were not adequate 
criteria in our experiment. Drug sensitivity and virulence of the bacilli recultivated from 
the organs were unchanged. Because of this and of the fact that 5 to 10 viable units of this 
strain provoke a generalized tuberculosis within three months in untreated animals, we 
concluded, per erclusionem, that immunity was the primary cause of the delayed infection 
which, as we have shown in previously published papers (Bartmann K., et al.: Beitr. z 
Klin. Tuberk., 1955, 115, 79; Bartmann K., et al.: Beitr. z. Klin. Tuberk., 1956, 114, 
269), does not begin to spread before the therapy has ceased 

In case Ferebee and Palmer are right in the interpretation of their experiments, other 
reasons must be sought for the different results of the two series of experiments. One 
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explanation may be the longer period of pretreatment with isoniazid in the experiments 
of Ferebee and Palmer. This is not very likely, as the authors themselves emphasize 
Another cause could be the virulence of the challenge strain which is of importance in this 
type of experiment, since only highly virulent germs may withstand the forces of chemo 
therapy and immunity developed by it. Furthermore differences in native resistance of the 
test animals have to be considered. The guinea pigs of our own breed are not inferior in 
their resistance in comparison with those bought from outside breeders. All animals except 
one survived the whole experimental period of half a year. This fact indicates a good 
basic condition. Therefore, the latter factor does not seem to be important in this case 

In our opinion the possibility of a chemoprophylaxis remains an open question. Per 
haps it is possible to eradicate a minimal infection in guinea pigs. Experiments of this 
sort have been underway in our laboratory for nine months, but for the moment it is too 


early for a detailed description 


Sincerely yours 


LANDESTUBERKULOSE-KRANKENHAUS HeckrsHorn K. 


BaAKTERIOLOGISCHE ABTEILUNG J. Vittnow 
Bentin-Wannser, Germany CH. SCHWARZ 


May &, 1956 


1S CHEMOTHERAPY, WITH EVENTUAL SURGERY IN MIND, DOING EVERYTHING THAT SHOULD 


HE DONE POR OUR TUBERCULARIS PATIENTS? 
To the Editor of the American Review of Tuberculosis and Pulmonary Diseases: 


We have been discussing the results of treatment of pulmonary tuberculosis by chemo 
therapy and institutional care plus surgery, without reversible collapse therapy. The data 


contributed by 54 hospitals to the Fifteenth Veterans Administration-Army-Navy 


Conference have been of great interest 
In the basic tables of original treatment in drug-susceptible cases, patients with the 


largest cavity 1.0 to 2.0 em. in diameter show closure of 61 to 68 per cent in twelve months 
| 


of treatment by the three regimens (including isoniazid). It seems that bed rest alone 


should give nearly as good a result. Certainly, pneumoperitoneum alone or pneumothorax 


alone would give as good or even better results in such lesions 

Going on to the cases in which the largest cavity is from 2.5 to 3.5 em just a good 
average case of cavitary tuberculosis — closure on drugs is only 43 to 52 per cent in twelve 
months. This result does not seem very good. In pilot study IIL-A, which is a study of the 
effect of triple drugs as compared with streptomycin plus PAS or streptomycin plus 
jsoniazid, cavities are 2.0 em. or larger an average group ol patients with cavitary pul 
monary tuberculosis. Here, in twelve months cavity closure occurred in only 39 per cent 
on triple drugs and in 46 per cent on the other regimens 

If we had not been able to do better than this prior to the days of chemotherapy, our 
mortality would have been tremendous; but with a dynamic approach, using collapse 


therapy and bed rest, it was not 
Considering the above figures, and adding that in far advanced cases, with the largest 


cavity 4.0 to 7.5 em. in diameter, only from 22 to 40 per cent have cavity closure in one 


vear on drugs, a much more dynamic medical approach seems needed. Instead, it is 


becoming increasingly accepted that the next step in treatment should be excisional 


surgery when possible, accepting the basic mortality and considerable morbidity following 


this type of pulmonary surgery. And what about the patient who never reaches the point 


where surgery is possible? 
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Some patients with open cavities continue to have positive sputum. Many of the so 
called negative cavities are proved to be positive with virulent bacilli when studied after 
resection. According to figures presented by Auerbach at the Fifteenth Conference, only 
12 of 235 resected specimens were truly negative by all means of examination, and com 
plete serial sections were not done on those. It may be that we are letting the fact that 
drugs do cause drying-up and conversion of sputum lead us astray. There are facts avail 
able about cavity closure by reversible collapse procedures, reported in innumerable 
papers and studies in the past. The question arises whether the physician should not use 
some of these procedures, easily within his scope, to convert cavities at least to closed 
lesions before resorting to surgery 

The risks ol adequate medi al collapse procedures, sinee chemotherapy, are srinall 
certainly less than those of surgery. Surely, if such measures were utilized to the fullest 
extent of their usefulness, many patients would be saved from having surgical procedures, 
where the mortality and morbidity are not inconsiderable 

\s one example from the Veterans Administration's own group, the results obtained at 


Oteen are cited. Here, a number of cavitary cases were picked, all of acute disease, uni- 


lateral or bilateral, and then randomized. All patients were on drug regimens, and half 


received pneumoperitoneum collapse therapy, adequately given. (It is important to stress 
adequate pneumoperitoneum Pheumoperitoneum does not mean just some air under the 
diaphragm, but enough to give pressures which will push up the diaphragm and collapse 
pulmonary volumes by 25 to 35 per cent. This usually takes 4,000 to 6,000 ce. of air in the 
first ten to twenty days, and weekly refills of + 1,000 cc. thereafter. This point does not 
seem to be appreciated widely.) Within the first four months the results favored pneu 
moperitoneum very markedly and were still two to one in favor of pneumoperitoneum at 
the end of twelve months 

Other reports along these same lines, such as that of Williams given at the Veterans 
\dministration Conference in Atlanta in February, 1955; that of Brinkman et al. reported 
in the American Review or Tunereuvosts in June, 1954; and that of Dundee in Diseases 
of the Chest in Jul 1955, all give figures of this general order of magnitude on cavitary 
closure with drugs plus pneumoperitoneum under institutional conditions. There have 
also been reports since the advent of chemotherapy which show that the previous hazards 
of pneumothorax have been greatly lessened 

Carl Muschenheim, in the American Review or Tunereuvosis, July, 1955, states that 
‘a trial of reversible collapse procedures merits more attention than it has received in 
recent vears.”” He refers here largely to pneumothorax. He feels that, in the absence of 
continued clinical manifestations of active tuberculous disease in the form of persistent 
output of bacilli, the case is becoming weaker for radical surgery for the removal of 
residual lesions not open cavities 

Corwin Hinshaw in his recent book on Diseases of the Cheat, with Garland, discussing 
pheumoperitoneum, states that the principal issue at this time is not whether pneumoper 
itoneum is good treatment but whether it is necessary for patients who should receive 
specific drugs and pulmonary resection. The physician must deside whether the undet 
taking is more likely to do harm than good and he must balance the risk of the procedure 
against the risk incurred by not doing the procedure. He states that in other diseases drugs 
are used because they provide a widened margin of safety for the patient. Perhaps pneu 
moperitoneum, if well tolerated, can be regarded in a similar manner. Certainly in some 
circumstances it appears to be life saving 

Attention should be called to these facts and opinions. The use of these measures mia) 
well be very helpful to a considerable group of patients. Resection, or any other method of 


surgery that is suitable in the individual case, by all means should be used when indicated 
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However, the additional use of reversible collapse measures may save some patients from 
the known risks of surgery and may well return the patient finally much closer to normal 
In many hands, such measures have indeed been found to be helpful in reaching a “cure” 


and long-time good results 


2030 SUMMIT STREERT Harotp Guyon 


OAKLAND, CALIWORNIA J. Luoyp Eaton 
May 10, 1056 


RELATIONSHIP BETWEEN B. ABORTUS AND M. TUBERCULOSIS 
To the Editor of the American Review of Tuberculosis and Pulmonary Diseases: 


In the February issue of the Amentcan Review or TusercuLosis AND PULMONARY 
Diseases, Dr. W. Nyka reported that a preceding brucella infection renders mice re 
sistant to a subsequent infection with V. tuberculosis. This observation is very interesting 
to me, since I found, testing the resistance of animals treated previously with various 
kinds of heterogeneous bacteria to tuberculosis, that the guinea pigs injec ted with heat 
killed B. abortus, just like the animals immunized with typhoid or gonococeal vaceine, 
survive longer than the controls after challenge with tubercle bacilli, as illustrated sche 
matically elsewhere (Ztschr. f Immunitatsforsch. u. exper. Therap., 1956, 55, MN) 
The fluctuations in the resistance against bacterial infections in animals after immuniza 
tion with different kinds of heterobacteria have also been systematically arranged in a 
table (Ztschr. f. Immunititeforsch. u. exper. Therap., 1939, 97, 121) 

Dr. Nyka’s hypothesis on the mechanisms of increased resistance of brucella-infected 
mice to tuberculosis, that it might be due to some type of induced immunity related to 
the biologic properties of the two organisms rather than to interference between them, 
seems to me quite natural, for the reason that enhanced resistance to tuberculosis is seen 


also after immunization with heat-killed B. abortus 


Yours sincerely, 
Nuxapa Inerrrure ror Mepicat anp Brovoaicat Reseancn Susm NUKADA 
near Tokyo, JAPAN 


May 20, 1956 
ACID-FAST BACILLI NOT PATHOGENIC FOR GUINEA PIGS 


To the Editor of the American Revieu of Tuberculosis and Pulmonary Diseases: 


The recent article on the “Clinical Incidence of Acid Fast Bacilli Nonpathogenic for 
Guinea Pigs” by George C. Wilson and David E Morton (Am. Rev. Tuberc., 1956, 73, 
351) was of interest to us. We are particularly interested in the 37 cultures described as 
apparently typi al tubercle bacilli which were nonpathogenic in guinea pigs 

From the article it appears that the inoculum was not accurately standardized. Further- 
more, it must be remembered that individual guinea pigs vary in resistance It is best to 
use a standard weight and strain of inbred guinea pigs 

During the years 1954 and 1955, our laboratory tested approximately 2,300 cultures in 


guinea pigs. These cultures included numerous atypieal acid-fast bacilli as well as mor- 
phologically typical tubercle bacilli. Many were from patients receiving chemotherapy 


and were drug resistant 
We have noted varying degrees of virulence when three 350 gm male albino guinea pigs 
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were inoculated in the thigh with 1 mg. (wet weight) of young culture. This was par- 
ticularly striking with atypical cultures of low virulence. 

A culture with color and morphology typical for tubercle bacilli should not be con- 
sidered completely nonpathogenic in the guinea pig until several are inoculated and the 
time of necropsy is varied. We found only one strain with typical morphology and color 
which did not produce any lesions beyond the regional lymph nodes in guinea pigs though 
the inoculum was varied from 0.1 to 5 mg. and 6 guinea pigs were sacrificed after four to 
twelve weeks. This culture was moderately resistant to isoniazid and had no detectable 
catalase activity. 

In another case a morphologically typical culture seemed avirulent until the liver and 
spleen of the guinea pig were reinoculated into other guinea pigs. Gross lesions with acid- 
fast bacilli were found in the liver and spleen of these guinea pigs after eight weeks 

In another instance, a morphologically typical culture did not produce gross lesions, but 
sections of the liver and spleen showed small noncaseous granulomas and acid-fast bacilli. 

Eighteen patients reported by Wilson and Morton had “probably inactive pulmonary 
tuberculosis” and had received previous antituberculous chemotherapy ; acid-fast bacilli 
with no pathogenicity for guinea pigs were recovered from the sputum. In our laboratory 
42 morphologically typical cultures of tubercle bacilli resistant to | mg. of isoniazid per ml 
were tested for virulence. The catalase activity was determined by the method of Middle 
brook (Am. Rev. Tuberc., 1954, 70, 852). A dose of 1 mg. of culture was inoculated into 
the thigh of each of 2 guinea pigs. One guinea pig was sacrificed at four weeks and the 
other at eight weeks. Thirty-three per cent of the cultures produced macroscopic lesions in 
guinea pigs at four weeks and none at eight weeks. Fifty-three per cent of the cultures 
produced gross lesions in guinea pigs demonstrable at four and eight weeks. Seven pet 
cent were negative at four weeks and positive at eight weeks; and 7 per cent were com 
pletely negative both at four and eight weeks 

Of the 84 guinea pigs inoculated, 23 per cent had gross lesions with acid-fast bacilli in 
microscopic sections which were not seen in direct smears of the lung, liver, and spleen. 
In 4 per cent of the guinea pigs there were no gross findings and negative smears, but 
microscopic sections of the liver and spleen showed acid-fast bacilli. Two per cent of the 
guinea pigs had doubtful gross findings, negative smears, and positive microscopic sec 
tions for acid-fast bacilli. Two per cent of the guinea pigs were negative grossly, but smears 
of the liver and spleen revealed acid-fast organisms. Catalase activity was absent in 26 
per cent of the cultures; most of the cultures of low virulence had little or no catalase 


activity, as may be seen in the following table. 


CaTaLase Activity AND ViInULENCE ror Guinea or 42 Strains or 
tesrsTANT To 1 Moa. or Isontazip rer MILLLirer 


Virulence for Guinea Pig 
Catalase Act ty Positive Doubtful 


4 weeks & weeks 4 weeks & weeks 


+ 


24 


Negative 


= 
4 
Negative 
week & week 
‘ 
3 2 
} 
17 2 5 
5 { h 
‘ 
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Smooth and pigmented strains of acid-fast bacilli often have little virulence for guinea 


pig». We have studied such atypical cultures isolated from the tissues of 9 patients. Five 


of six cultures from these patients produced small lesions containing acid-fast bacilli in the 
liver and spleen of guinea pigs. The bacteria diminished in virulence after a few transfers 
on Lowenstein medium. 

Morphologically typical cultures of acid-fast bacilli are seldom completely nonpatho- 
genic for guinea pigs. Some isoniazid-resistant, catalase-negative tubercle bacilli may have 
diminished virulence and produce lesions which are small and rapidly healing. Similar 
observations were made by Karlson (Am. Rev. Tuberc., 1954, 70, 531). Microscopic 


sections of the organs may be necessary to demonstrate the bacilli and the lesions 


Sincerely yours, 
Vererans ApMintsrra tion Hosprrau MARION STIFF 
MINNEAPOLIS 17, MINNESOTA H. Har 


May 20, 1056 


TUBERCULOUS MENINGITIS DURING ISONIAZID THERAPY 
To te Editor of the American Review of Tuberculosis and Pulmonary Diseases 


In the June, 1956, issue of the American Review, there was a case report by Ek. M 
Lincoln and G. I. Lytheott on tuberculous meningitis developing in the course of iso 
niazid therapy 

As stated in the case re port, the patient had been under the care of one of the Depart 
ment of Health clinics. In recent weeks we have obtained some additional information 
which may be of significance in regard to the conclusions which can be drawn from the 
summary of the case report 

The family referred to offered a difficult social problem. The father of the patient was 
an active case of tuberculosis who had left the hospital against advice. At a recent inter- 
view of the family by a social worker, the mother of the patient clearly stated that her 
husband prevented her from giving the prescribed medication (isoniazid) to the child. 
It is therefore quite probable that the child received much less isoniazid than was as 
sumed in the case report 


DerarTMent or Anrnur B. Ropins 
Crry or New York Director, Bureau of Tuberculosis 


New York 


July 2, 1956 
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A Srupy or Wortp War IT Prisoners or War. By Bernard Cohen 
and Maurice Z. Cooper. Pp. 81, Veterans Administration Medical Monograph, U.S 
Government Printing Office, Washington 25, D. C., 1954. Price $1.50 


Undertaken as part of the program of studies of the Follow-up Ageney of the National 

esearch Council, at the request of the Veterans Administration, the purpose of the 
work reported in this monograph was “to delineate the broader consequences of im 
prisonment which manifest themselves as increases in mortality, hospitalization, cis 
ability, health status and work adjustment, to measure the magnitude of these changes, 
and to describe the gross findings, usually recorded as diagnoses or causes ol death, 
associated with them.” The study is based on the records for a representative sample 
of the 111,426 Army and Air Force personnel who survived capture or internment in the 
Pacific and European theaters of war, and for a selected sample of “controls” drawn from 
combat forces that oper ited in the same theaters during the period in which the « iptures 
eceurred. Additional information was obtained from a questionnaire sent to one-third of 
the ex-prisoners included in the study 

Mortality rates of Pacifiu prisoners showed a pronounced excess after liberation, more 

concentrated in the first two vears than in the next four years of the observation period 
Pulmonarv tuberculosis and accidental deaths accounted for about two-thirds of the 
total number of deaths: for both causes, the difference between the observed and « kpeeted 
number of deaths was highly significant. European ex-prisoners, on the other hand, 
experienced no excess of mortality in the first six years alter liberation neither from 
tuberculosis nor accidental deaths, nor from any other causes 

Morbidity has also been high in the Pacifie ex-prisoners, particularly in the first year 
after liberation hown by hospital diagnoses, the men have exhibited illnesses repre 
senting nearly every major category of disease, with frequencies far in excess of those 
shown by the control groups or by the European ex-prisoners. Approximately half of the 
total Veterans Administration hospital days of Pacific ex-prisoners is attributable to 
those hospitalized for tuberculosis and accounts to a large extent for the difference in 
rates between ex-prisoners and controls from the Pacifie theater Veterans Administration 
hospital admission rates were quite similar for European ex-prisoners and their controls 
during the six-year follow-up period 

While the results of this particular study may have limited practical interest for many 
readers, the fact that a wealth of information that lies buried in the files of the Veterans 
Administration is systematically being dug out by a competent statisti il-medical group 
is. in the reviewer’s opinion, important for the entire medical profession 

bk. 
Washington, D. ¢ 


CuntcaL Roentaenotocy. The Lungs and the Cardiovascular System hinphasizing 
Differential Considerations (Third Edition). By Alfred A de Lorimier, Henry G. Moehring, 
and John R. Hannan. Pp. 508, ¢ harles C Thomas, Springfi ld, Ilinois, 1955. Price $20.50, 


This is the third of a four-volume set of books on roentgenographic diagnosis. This volume 
deals with the lungs and cardiovascular system There are 492 pages of text. The first 
318 pages deal with the thorax, diaphragm, mediastinum, pleura, and lungs. The re 
mainder of the volume deals with the heart, pericardium, and great vessels. Approx 
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mately 50 per cent of the text consists of roentgenograms reproduced in the negative, 
that is, the same as the original roentgenograms. These are well chosen and well re- 
produced. Pertinent discussions of anatomy, embryology, physiology, and clinical mani- 
festations are included. Differential diagnosis is stressed and there are several tables of 
differential diagnosis. 

Considering the large field of roentgenographic diagnosis covered and the relatively 
small amount of text devoted to discussion, it is obvious that much of the discussion is 
brief. In many instances this is adequate, but in others this is not true. Omissions have 
oceurred. A few may be mentioned: hyaline disease of the lungs of the newborn; pul- 
monary arterial thrombosis; intralobar pulmonary sequestration of the lung; the use of 
newer water-soluble opaques in bronchography. There are statements made at variance 
with those appearing in the literature. 

Preparation of such a text involves a great amount of effort by many persons. A great 
deal of good basic information which will always be pertinent has been presented. It 
would seem to the reviewer that, in preparation of such a series of texts on roentgenographic 
diagnosis, it should be realized that errors and omissions will occur and new information 
will constantly appear in the literature. If such a work is to become a reference for roent 
genographic diagnosis, constant revision and additions would be necessary. This might 
best be accomplished by a loose-leaf system. In this way the large amount of good basic 
information which will always be valid can be maintained, and the necessary corrections 
and additions can be made periodically. This would tend to make the text more valuable. 


The book is well printed and easy to read 


J. W. Grossman 
Alberquerque, New Mexico 


Die BCG-Scnurzmpruna. By R. Griesbach. Pp. 330, Georg Thieme Verlag, Stuttgart, 


Germany, June, 1954 


Even though BCG-vaccination today is performed throughout the world on millions of 
children and young adults, opinions still differ on the theoretical and practical value of 
this preventive measure. To date there has been only a booklet by Irvine and a larger 
volume by Ustvedt encompassing the various problems encountered in the administration 
of BCG. The BCG literature is now so large that there is sufficient need for a monograph 
such as the one published by Dr. Griesbach 

This monograph is a result of the collaboration of German and French experts. The 
German edition was edited by Professor Griesbach from Augsburg, whereas the French 
translation was edited by Dr. van Deinse, head of the BCG department at the Pasteur 
Institute in Paris. The contributions of the Brazilian and Swedish writers add to the 
international flavor. 

The volume contains 330 pages. The extensive subject matter is divided into chapters 
written by different authors 

Dr. Heinz Spiess, from the University Children’s Hospital at Géttingen, writes on 
experimental BCG studies in animals. This chapter, which covers 59 pages and contains 
over 700 references, gives a complete review of past and recent studies. The bacteriology 
of BCG is presented by Dr. van Deinse with such clarity that it will be easily appreciated 
even by those who are not experienced in this field. Dr. Wunderwald from Augsburg 
discusses in a long chapter the problem of BCG vaccination. The basic theoretical know]- 
edge which is necessary for the understanding and the ability to discuss the principles of 
BCG vaccination is systematically presented in a clear and objective way. This section 
will be of great value to students and investigators new to this field. Dr. van Deinse 
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describes the use of BCG in the vaccination of cattle, a subject which may not be fully 
known by most physicians. 

Dr. Rosemberg from Sao Paolo, reports results obtained with oral BCG vaccination 
As is well known, oral vaccination has been extensively studied in Brazil, particularly by 
Dr. Assis. The studies concerning the BCG effect on the lepromin reaction are of interest. 
Reference is made to the vaccination of tuberculin-positive subjects with orally ad- 
ministered BCG. 

A very important chapter citing the literature on cutaneous BCG vaccination is written 
by van Deinse and Griesbach. A chapter referring to the vast Scandinavian literature on 
this subject is the work of Gunnar Dahlstrom of Stockholm. These chapters will be of 
particular value to those who wish an excellent review with reference to some of the 
classic works on this subject. A chapter devoted to the study of BCG vaccination in 
Germany is written by Dr. Griesbach. A chapter by van Deinse reviews and discusses in 
detail the published articles which do not completely favor the BCG vaccination program. 
This certainly is the most critical part of the volume, and Dr. van Deinse has performed 
this demanding task with typical French diplomacy. 

Had this volume been published a little later the monograph would have been of 
even greater value since the four cases of death in Scandinavia attributed to BCG vac- 
cination would likely have resulted in a modification of some reported statements 

This is actually the first full-size BCG monograph. It contains a complete, or at least 
a well-selected, literature survey as well as personal comments by internationally known 
scientists. The international cooperative studies presented in this publication are so good 
that one wishes that they could be repeated on an even broader scale and result in a new 
edition in English, for which there is a need 

This BCG monograph is highly recommended. 

Ove Wasz-Hickert 
New York, New York 
(Helsinki) 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


NOTICES 


PUBERCULOsIS 


LABOKMATORY METHODS IN THE DIAGNOSIS OF 


IN 


In cooperation with the Division of Special Health Services, Public Health Service, 
The Bacteriology Laboratories of the Communicable Disease Center, Chamblee, Georgia, 
will offer a course in Laboratory Methods in the Diagnosis of Tuberculosis on the follow 


ing dates: 


1, 1957 


January 21—February 


This course is open to all grades of employed laboratory personnel who are approved 


by their state health officers. Practical laboratory training in all phases of tuberculosis 


bacteriology, including preparation of culture media, microscopy, cultural procedures, 


diagnostic use of animals, and testing of drug susceptibility will be included in the course 


Students who attend this course will be offered a Student I-xtension Service for a period 


of one year following termination of the course 


Laboratory directors and senior laboratory staff members may also make application 


for this course 
No tuition or laboratory fees are charged 


Reservations for this course should be mack 


well in uly anet 


Application forms may be obtained from Laboratory Training Services, Communicable 


Disease Center, Public Health Service, P.O. Box 185, Chamblee, Georgia 


DISEASES OF THE CHEST 


COURSES ON 


POSTGORADUATI 


We wish to announce that the Council on Postgraduate Medical Education of the 


American College of Chest Physicians will sponsor the following Postgraduate Courses 


on Diseases of the Chest this fall 
lith Annual Postgraduate Course, Chicago, [linois, 
Hotel Knickerbocker, October 15-19 
Oth Annual Postgraduate Course, New York City, 
Park-Sheraton Hotel, November 12-16 
$75 which will include daily round table luncheons. The most 


Tuition for each course is 
recent advances in the diagnosis and treatment of chest diseases will be covered 


Further information may be obtained by writing: Executive Director, American Col 


lege of Chest Physicians, 112 East Chestnut Street, Chicago 11, Illinois 


4 
J 
Re. 
4 
Se 
ie. 
bi 
i: 
z ist 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


in expert hands 


One of the miracles of modern 
medicine is the swift restoration of 
the tuberculous patient to a useful 
life. Today, the healing hands of 
the doctor achieve dramatic results 
— even in streptomycin resistant 
cases — with the assistance of new 
and potent tuberculostatics. 


Working hand-in-hand with the 
medical profession, the Research 
Division of CMC supplies 


ISOPACIN 


brand of sodium para-aminosali- 
cylate with isoniazid, a combina- 
tion more effective than any single 
antituberculous agent yet avail- 
able. Supplied in tablets containing 
12.5 mg. INH and 0.5 gr. NaPAS. 


Other clinically proven products at your 
service: Dihydrostreptomycin Sulfate + 
Forticon (9 vitamins, 9 minerals, 3 
amino acids) + Germicin (Brand of 
Benzalkonium Chlorides, germicide) + 
lsopacin-S (NaPAS & INH) «+ Pas- 
kalium (KPAS) + Streptoconin (Strep 
tomycin & INH) + Teebacin (NaPAS) 
* Teebacin Acid (PAS) + Teebacin 
Acid Buffered (Buffered PAS) + Tee- 
baconin (INH) + Teebazone (TB 1) 


QUALITY REGEARCH ECONOMY 


Samples and literature 
at your request 


RESEARCH DIVISION 


CONSOLIDATED MIDLAND CORPORATION 


1S PARKWAY, KATONAH, NEW YORK 


" 
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USE O.E.M. 
HUMIDIFIERS 
& NEBULIZERS 
with 


NBREAKABLE 
ATTERPROOF 
BOTTLES 


No. 540—Humidifier with Porostone filter diffuser and unbreak- 
able Polyethelene bottle. 


to. 360—Nebulizer providing a fine spray; with unbreakable 
Polyethelene bottle. 


No. 370—Jet Nebulizer for incubator use. Operates with varia- 
ble oxygen concentrations as low as 40‘; , and particle 
size can be adjusted from medium to coarse; with 
unbreakable Polyethelene bottle. 


Write us for other 
BETTER OXYGEN THERAPY 


Please send literature on the O.E.M. Humidi- 
fiers and Nebulizers with Unbreakable Bottles 
Requested by 

Hospital 

Address 


CORP ATION 


EAST NORWALK, CONN. 
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SPECIFICALLY INDICATED 


@ for short-term protection of selected 
surgical patients to prevent or mini- 
mize the spread of infection or other 
complications 


@ for seriously ill hospitalized patients 
with tuberculosis unresponsive to 
other chemotherapeutic agents 


A new and potent tuberculostatic agent 


Pyrazinamide will produce good immediate, even 
if only briefly enduring, results, such as: 


1. reduction of fever, cough and quantity of spu- 
tum with concomitant gains in appetite, weight 
and well-being. 


2.x-ray evidence of partial clearing of far- 
advanced chronic fibrotic lesions in a smail 
percentage of patients and also in a larger per- 
centage of patients with acute infiltrative disease. 


3. remarkable improvement or healing in patients 
with extra-pulmonary lesions such as draining 
sinuses, mucosal lesions and lymphadenopathy. 


4. conversion of sputum in 10% of cases. 


PYRAZINAMIDE is available through hospital 


pharmacies. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO. Ine PHILADELPHIA 1 PA 
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(POTASSIUM PARA AMINOSALICYLATE) 


BETTER TOLERATED 


PASkalium largely avoids the 


common gastrointestinal upsets 


which limit the usefulness of 


para-aminosalicylic acid as well as 


te OH its sodium and calcium salts 


Patients with positive histories of 


intolerance to all previous P.A.S 
Se therapy readily tolerate full 
therapeutic dosage of PASkalium 


in most instances. ! 


HIGHER P.A.S. PLASMA LEVELS 
BETTER PASkalium is the most soluble 
P.A.S. salt known. Absorption is 
rapid and excretion predictable 
FORM Twelve grams daily produce and 
maintain blood levels comparable 


OF to those obtained with 17 grams 
of sodium P.A.S. and (theoretically) 


p A S 30 grams of P.A.S. Acid.* 
. 
l. Multhan, I Cohen, KN ind 
FOR Zarafonetia, J. D.. Clinical use of potassium 


para-aminosalicylate (KPAS Am. Rev. of Tuberc 
and Pulmon, Dis, 71:220 (Feb.) 1955 


TREATING 2. Cohen, R. V., Molthan, L., and 


Zarafonetis, C. J. D.: Clinical Studies of Various 
Forms of PAS (with special reference to plasma 


concentrations). Read before the American 
Trudeau Society, Annual Meeting, Milwaukee, 


Wisconsin, May 23-27, 1955 


NOW AVAILABLE in tablets (0.5 Gm), 


powder, and convenient one-dose 


(3 Gm.) “Envules”. For information, 


please write 


GLENWOOD LABORATORIES INC. Teaneck, New Jersey 


| 
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New G-E PHOTOROENTGEN unit 


provides better films faster 


eather discovery of ventional lens 


Elects operation. Fils 
with ats Faarchal ‘ Act 1} inge of cquipment 
ured of a unit ideally susted t 


oll-flm of cut-film 


ed One tx 10, 4x5 


is 


In hest survey progral 
thology is possible with this new General 


duplex photorventgen unit hild-Odel : ‘ 
three important ad road you are 

your individual requirements 

local G-E x-ray representative 


full detasls help you evaluate these units in 
relation to work loads assure the most practical 
And be sure to ask him about renting 
obtain the finest x ray 


super-speed camera i get 


vantages: hlms prod 


ed with this advanced murror 


optics system reveal much greater detail 300% Your can provide 
better resolution. Patient-motion problems, mayor 
cause of blurring, are sharply curtailed EX Pos ure 
wre cut 75% to 80%. As a result, patients receive 
75% less radiation per exposure your alternate way 

General Electric's compi ¢ of photoroentgen apparatus without initial Capital inves 
apparatus includes supe the G-E MAXISERVICE® rental plan. Or write 
i duplex models al Electric Company Mil 


units with con 


investment 


pment through 


mirror optics am 
in-line X-Ray Department, Genet 
waukee 1, Wisconsin, Room 


peed 


eras in both single an 
lesigns 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 


and angle-hood camera 
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prevent 
POSTOPERATIVE PULMONARY COMPLICATIONS 


ALEVAIRE 


Nontoxic Mucolytic Mist 


“Postoperative pacumenia is almost always 
neglected atelectasis and must be treated as such. 


I have seen it cleared up within a few hours 


when ireated correctly. Alevaire is part 
of this treatment.” 


Postoperative pulmonary complications 


are frequent in patients with a history 

of chronic sore throat, chronic cough, sinus 
infections, postnasal drip or heavy smoking. 
They can usually be prevented by the, 
prophylactic use of Alevaire. 


eee?” 
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* Alevaire should be administered only by aerosol 
‘ nebulizers which deliver a fine mist without large 
a ‘ droplets. The nebulizer is attached to an oxygen 
(A | if supply tank or suitable air compressor. The Alevaire 
al im vapor may be inhaled directly from the nebulizer 


by means of a face mask, or it may be delivered 


into a croup tent, incubator or special tent; only those 
appliances should be used which deliver a fine mist. 


J 
1 Depending upon the output of the nebulizing device 
1 bottle (500 cc.) is usually sufficient to last 
from eight to twenty-four hours. 


Supplied in bottles of 60 cc. and 500 ce. 


1. Sadove, M.S.. Paper read at Meeting of the Champaign County Medical Society, Champaign, Ill, Mar. 12, 1953. 
Alevaire, wedemark reg. U. Pat Of 
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Bronchogrom of right lung with VISCIODOL. Note clear outline 
of bronchi and absence of alveolar filling 


Chest a ray three days alter bronchogram. Note clearing 
of VISCIODOL and fluid level in right hilar cavity 


..radio-opaque agent of choice in bronchography.””’ 


new LIPIODOL diagnostic 


Rapidly eliminated from the lungs' 


New VISCIODOL* offers many advantages for 
bronchography. Its excellent degree of contrast 
and its greater viscosity assure controlled, uni- 
form outlining of the bronchi without alveolar 
filling. VISCIODOL is retained sufficiently long 
for complete x-ray study, yet is readily eliminated 
by expectoration and postural drainage, provid- 
ing clear lung fields within 48 to 72 hours. No 
shadows remain to confuse interpretation of 
follow-up films or repeat bronchograms. Possess- 
ing none of the irritating properties of the water- 


FOUGERA 


“Rarely penetrates the alveoli 


soluble media,' it does not necessitate high levels 
of anesthesia. 

Now available here, VISCIODOL has been in 
use throughout the world for over five years, and 
reports covering thousands of bronchographies 
have been published. The extensive bibliography 
on VISCIODOL is available on request. 
Supplied in 15 cc. vials 


VISCIODOL, TM., is the trade name for the well-tolerated 
LIPIODOL* -sulfanilamide suspension, a development of 
Guerbet Laboratories 

1. Burrascano, J. ].: Sea View Hosp. Bull. 15.149 (July) 1955 


E. FOUGERA & COMPANY, INC - 75 Varick Street, New York 13, N.Y. 


if 


essential drugs 


10 mg. per pint 
— 10 mi. vials 


DISTRYCIN. 


Squibb Streptoduocin 
active as streptomycin or dihydrostreptomycin, 
with markedly less toxicity. 
Powder, vials containing 1 Gm. and 
0.5 Gm. per mi, vials of 2 mi and 10 mi, 
0.5.Gm. per 1.25 mi., vials of 2.5 mi. and 12.5 mi. 
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Reactive Prote in Pulmonary Tuberculosis. J. J. ef al hod 
\ Pilot Study of the Thiocarbanilide SU-1906 in Human Pulmonary Tuberculosis. P. O 
JONI s el al 


Concurrent Administration of Pyridoxine and Isoniazid. O. Wasz-HoOckert et al 


\ Study of Tuberculin Hypersensitivity in 510 Patients Hospitalized for the Treatment of 
\ctive Pulmonary Tuberculosis. J. Berrt 


Corre spondence 


Chemoprophylaxis of Experimental Tuberculosis with Isoniazid. K. BARTMANN ef al.; Is 
Chemotherapy, with Eventual Surgery in Mind, Doing Everything That Should Be Done 
for our Tuberculosis Patients? H. G. Trimeie anp J. L. Eaton; Relationship Between 
B. Abortus and M. Tuberculasis. S. NuKapva; Acid- Fast Bacilli Not Pathogenic for Guinea 
Pigs. M. Stier anp W. H. Hats; Tuberculous Meningitis in the Course of Isoniazid 
Pherapy \. B. Ropins 

Books 
American Trudeau Societ Notices 


\bstracts 


POSITIONS AVAILABLE AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $4.00 per in- 


sertion for 25 words or less; additional words—20 cents 


Mepicat. Direcrorsniv, Firland Sanatorium, King 
County (Seattle Tuberculosis Hospital. beds 


each. Box number—75 cents extra. Employment Bu- Excellent staff and facilities. Affiliation University 
reaus~$10.00 per column inch. Remittance should ac- 
company copy and be sent to: American Review of 


Tuberculosis, 280 Madison Ave., New York 16, N. Y. W. MIFFLIN, Seaboard Building, Seattle, Washington 


2X2 
anew VAPT publication FILM 


at 


Washington. Salary, $12,000 $16,800. Apply to JAMES 


TUBERCULOSIS nue SLIDES 
IN THE For Reference and Teaching 
COMMONWEALTH See these NEW SERIES at the National 


TB Convention in New York —Booth 12 
The full transactions of the Fourth ‘ then 

VAPT Commonwealth Health and Tuber Charles T. Dotter, M.D., of Ore. Med, Behonl 

The Normal Cheat Chee 

culosis Conference, Royal Festival Hall, Infante and Children, Join Wo Hoye “ 

Stephen Wartell M1). Children’s Hoepital o 

London, June, 1955 Philadelphia 

ion the Treatment of me 

nary Tuberculoma om State 

*® Verbatim report of speeches and discussions 5 Sanitarium and iversity of Ilineia, College of 

Mecheine 


® Lists of delegates from sixty countries Previous Releases 


Over 5046 pages, tables and charts ‘ Pulmonary Infections 
Meclinstinal & Thoracic Wall Tumors 


o Malgnant Lytmphomas with wet Tnvolvenent 
Price per set $15.00 
\ AL ASSOCIATION FOR Wk Approximately 50 slides per aet 
PREVENTION OF TUBERCULOSIS 


Tavistock House North 


MICRO X-RAY RECORDER, INC. 


1755 W LAWRENCE AVENUE © CHICAGO 25. ILLINOIS 


Somple Key Sheets of these and other releases on request 
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a significant advance in the oral treatment of tuberculosis 


SYL-PAS patient acceptable tablets each contain: 0.5 Gram 
Aminosalicylic Acid NNR (Para Aminosalicylic Acid USP) plus 
a special buffering complex developed after extensive research. 


SYL-PAS Therapy offers these distinct advantages. ..... 


4 ‘- + prolonged continuous PAS levels thru sustained release of free PAS ‘ 
. Ss no sharply fluctuating PAS peak and dip levels 
ae insignificant PAS destruction by gastric fluids 
te ¢ better patient acceptability and tolerance with lower dosage schedules 
ss —minimal gastro-intestinal disturbances; elimination of supportive therapy 
a: no interaction or formation of irritating PAS salts 


SYL-PAS dosage schedules of 16 tablets daily (4 tablets q.i.d.) pro- 
vide « sustained cumulative availability level of 3 Grams free 
absorbable PAS, equivalent to daily intake of twelve grams free 
absorbable PAS. 


Specify SYL-PAS Therapy for 


@ economy priced favorably with all other forms of PAS 


@ convenience and ease of administration excellent 
patient acceptance 


@ reliability continuous PAS availability levels 


Samples and literature available upon request 


SYLVANIA LABORATORIES, INC. 


Chambersburg, Penna., U.S. A. 


SYL-PAS SYL-PAS 
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BACTO-TRYPSIN 1% for Hemagglutination 
BACTO-HEMAGGLUTINATION BUFFER 


Tue vse of trypsinized red cells in Rh determinations has 
improved both the sensitivity and specificity of the test making 
the direct procedure as reliable as the more involved indirect 
antiglobulin tests. Trypsin treated erythrocytes favorably in- 
fluence the determination of the A, B, 8, Le®, Le> and P factors 
as well as providing a more sensitive cell suspension for virus 
hemagglutination studies. 


Bacto-Trypsin 1% for Hemagglutination 
is a carefully standardized soluble Trypsin for conditioning 
erythrocytes for Rh determinations and other hemagglutination 
tests. Bacto-Trypsin 1% for Hemagglutination is reconstituted 
by the addition of Bacto-Hemagglutination Buffer solution, 
yielding a sparklingly clear solution equivalent in tryptic activity 
to a 1 per cent solution of Trypsin, Difco 1:250. 


Bacto-Hemagglutination Buffer 
rehydrated with distilled water is recommended for the prepara- 
tion of isotonic buffered saline for use in hemagglutination 
studies, especially for reconstituting Bacto-Trypsin 1% for 
Hemagglutination and for suspending and washing erythrocytes 
preparatory for hemagglutination. 


These reagents are suppli.a in companion packages con- 
taining 6 vials (10 ml.) of Bacto-Trypsin 1% and 6 vials of 
Bacto- Hemagglutination Buffer each sufficient for preparing 
1000 ml. of buffered saline. 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
és available on request. 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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ENDO LASORATORIES INC. 
ichmond a 18, ‘New York 


1 a" 
a 
Pe 7 Relieves cough quickly and thoroughly = E fect My 
lasts up permitting a co able 
night's sleep * Controls useless cough withe 
Endo 


